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PREFACE 

These problems were collected and classified to facili- 
tate the class- work in Radio Engineering, which forms 
part of the course for the Higher National Certificate 
in Electrical Engineering developed at Southall 
Technical College. 

They are drawn from past examination papers of 
the City and Guilds of London Institute in Radio 
Communication, the Institution of Electrical Engineers 
in Electrical Communications, and the University of 
London in Telegraphy and Telephony. Acknowledg- 
ments are made to these authorities for permission to 
reproduce the questions. 

The descriptive examples have been included to 
guide those readers who are engaged in private study 
for the above examinations. References for further 
reading have been given to assist the private student. 

E.T. A. R. 

Southall Technical. College 

PREFACE TO THE SIXTH 
EDITION 

In this edition two new chapters dealing with A.C. 
Bridges and Cathode-ray Tubes respectively have 
been added. 

By ]>ermissiou of the Council, specimen examina- 
tion papers of the British Institution of Radio Engin- 
eers have been included, and acknowledgment is 
hereby made to the Secretary, Bedford Square, 
London, W.C.l. 
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PROBLEMS IN RADIO 
ENGINEERING 


1. CAPACITANCE AND CONDENSERS 


Simple Parallel Plate Condenser 

„ 1-UkA O-OSS/c.4 . . r , 

C = — ; rmcromicrolarads 
4 md a 

where A = area of each plate (sq. cm.), 
d = distance apart (cm.), 
k = permittivity (or dielectric constant). 

Multiple Plate Condenser 

^ \1\kA(X-\) (H)SS^(.V-l) _ 

C = 4 — , = r /'/<F. 

477a a 


where N = total number of plates. 

Composite Condenser 

For a composite plate condenser made up of dielectrics 
of thickness d v d 2i etc., having permittivities of k v k 2 , etc., 
respectively, these may be considered to be in series, and 
we have 

r i bOHHA 

(dil K i + d jK 2 +••••) ^ ‘ 

Concentric Cylindrical Condenser 

„ 0*24kZ _ 

~ log (RM flfl 
l = axial length in cm. 

R = radius of outer cylinder 
r = radius of inner cylinder 
l 
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Self-capacitance of Single-layer Coil 

G = 0 -5R to 0-7 51? /x/t F. 
where 1? is the coil radius in cm. 


Self-capacitance of Double Layer Coil 

C = 018/<i?L/Z) /(/iF. 

where R is the radius, L the length, and D the distance 
between layers of the coil all in cm. 


Energy Stored in a Condenser is 

Q 2 /2C = CV 2 / 2 = QV/2 joules 
when Q , C and V are expressed in coulombs, farads and 
volts respectively. 


Power Loss 


An imperfect condenser can be represented by a perfect 
condenser C either (a) in series with a low resistance r, or 
(6) in parallel with a high resistance R. 

(a) Series. tan <j> = 1/coCY 


power factor cos 0 = 


1 


vtl + 1/wW] ~ mi r 

Power loss = Pr = P/coC tan <f> = (P/coC) tan d 
where <5 is the dielectric loss angle = (90 - 0). 

(6) Parallel, tan 0 = ojCR 

cob 0 = - /ri , ,.0/72 P2i h 


Power loss — V 2 fR 


V[1 + <JI) 2 C 2 R 2 ] 

V 2 wCj tan 0 = F 2 coC tan <5 


Condensers in Parallel and in Series 

In parallel, total capacitance is given by 
C = G\ + C 2 + C 3 + • * • 

Condensers in parallel share their charges. 

In series, total capacitance G is given by 

1/C - I/O, + 1 1C, + 1/C 3 + . . . 
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Potential Gradient 

(a) Simple parallel condenser 

g = v/d 

where V is the p.d. between the plates and D their distance 
apart. 

(b) Composite parallel condenser having a solid dielectric 
thickness d> permittivity /c, in contact with one plate. 

Potential gradient in the air 

V 

9 ~ D-d( 1 - 1/k) 

(c) Cylindrical condenser. Potential gradient at radius 
x is 

V 

^ x logh (R/r) 

where R and r are the outer and inner radij respectively. 

Charge and Discharge 

The voltage across a capacitance G in series with a 
resistance R at time t sec. after connection to a voltage V 
is 

v — F(1 — e^ cr ) 

During discharge v = Ve~ l l CR . 

The time constant of the circuit is CR sec. and is the 
time taken for the condenser to charge up to 0-63 of its 
final voltage or to discharge down to 0*37 of its initial 
voltage*. 

EXAMPLES 1 

1. Give details of the design of an oil condenser for a capaci- 
tance of 0 001 microfarad. The voltage limitations may be 
assumed to require a plate separation of 1 J in. and the dielectric 
constant of the oil may be taken as 2. ( I.E.E. , OcL, 1926.) 

2. Describe the construction of a variable condenser suitable 

for receiving purposes. (C. (7., 1, 1928.) 

3. A transmitting condenser has a capacitance of 0 025 
microfarad. Its power factor is 0 0005. What power is dis- 
sipated in the condenser when carrying a current of 200 
amperes (r.m.s.) at a frequency of 25 000 c/s? 

(C. G, 9 1, 1928.) 
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4. Describe, with sketches, the construction of one type of 
fixed condenser suitable for a radio transmitter. 

(C. cfr G. t 1, 1929.) 

5. What is meant by the “self-capacitance” of a coil? 
Describe some methods of measuring its value. What would 
be the approximate self-capacitance of a single layer solenoid 
5 cm. radius and 10 cm. long? State the basis of your estimate. 

{l.E.E., Nov., 1929.) 

6. Calculate the capacitance of a condenser formed by two 
long concentric circular cylinders of length l and radii R 0 

( l.E.E . , May, 1930.) 

7. A condenser has five plates, each measuring 5 cm. by 

2 cm. They are separated by mica plates 01 inm. thick and 
having a dielectric constant of 9. Calculate the capacitance in 
micromicrofarads. {l.E.E., May, 1930.) 

8. Describe the construction of a fixed condenser suitable 

for high voltage and high frequency. A condenser of 2 micro- 
farads capacity is charged to a potential difference of 1 U00 volts. 
What is the amount of energy stored in the condenser? If 
this charged condenser is connected in parallel with an un- 
charged condenser of 3 microfarads capacity, what will be the 
potential difference and the total energy stored after con- 
nection? Explain the reason for any difference in the energy 
stored in the two cases. ( C . tfc G., 1, 1932.) 

9. Two parallel square metal plates, each of 20 cm. side, are 
separated by an air-gap of 1 cm. A slab of dielectric of permit- 
tivity 5 and thickness 5 mm. is placed between the plates and 
in contact with one of them. Calculate the capacitance of the 
condenser so formed. If the condenser is charged to a p.d. of 
2 000 volts, calculate the voltage gradient in the air space. 

{l.E.E.. Nov., 1932.) 

10. A high frequency fixed type condenser consists of a 
number of parallel plates uniformly spaced and immersed in 

oil. It is desired to make the condenser suitable for higher 
voltage by doubling the spacing between the plat**s. Assuming 
that the modified condenser is worked at double the voltage 
previously used, compare in the two cases — 

(а) the capacitances, 

(б) the total volt-amperes taken by the condenser, ' 

(c) the volt-amperes per unit volume of dielectric taken 

by the condenser. {C. G., 1, 1933.) 

11. What is meant by the permittivity of a dielectric? An 
air dielectric fixed condenser and inductance are found to 
resonate at a wave length of 500 metres. The condenser and 
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inductance are immersed in oil, and it is then found that they 
resonate at 750 metres. What is the permittivity of the oil? 

(C. & G., Prelim ., 1935.) 

12. A condenser of eleven rectangular plates each 2 inches 

by 1 inch, separated by mica plates 4 mils thick, has a capaci- 
tance of 4 000 What is the dielectric constant of the 

mica? ( I.E.E. , May , 1935.) 

13. Find a formula for the capacitance of a parallel-plate 

condenser. The capacitance of a parallel- plate condenser 
is measured, and a slab of insulating material of thickness 
0*5 cm. is introduced between the plates, which are then 
separated lentil the capacitance is restored to its original 
value. To do this it is found that the distance apart of the 
plates has to be increased by 0-34 cm. What is the permit- 
tivity of the insulating material? {I.E.E., Nov., 1935.) 

14. A variable condenser has a maximum capacitance of 
1000 micromicrofarads and a minimum capacitance of 100 
micromicrofarads. When in the maximum position it is 
charged to 1000 volts. The charging supply is then discon- 
nected and the condenser turned to the minimum position. 
What was the original energy and the final energy stored in 
the condenser? Explain the reason for any difference. 

{C. & G., Prelim ., 1936.) 

15. A condenser is being charged from a d.c. source through 
a resistance of two megohms. If it takes 0-5 second for the 
charge to reach three-quarters of its final value, what is the 
capacitance of the condenser? Prove any formula used. 

( I.E.E. , May, 1936.) 

16. Describe the construction and explain the action of one 
type of electrolytic condenser. How does the working voltage 
affect the capacity? Why is a d.c. potential necessary? 

{C. G.y Prelim. , 1937.) 

17. When a slab of insulating material of 0*4 cm. thickness 
is introduced between the plates of a parallel -plate condenser, 
it is found that the distance apart of the plates has to be 
increased by 0-35 cm. in order that the capacitance of the 
condenser shall be restored to its original value. What is the 
permittivity of the insulating material? {I.E.E., Nov.. 1937.) 

18. The losses in a condenser can be represented by either 

a series resistance r or a shunt resistance R. Deduce an 
expression for the relationship between the two equivalent 
resistances. If the product of the equivalent series resistance 
and capacitance of a condenser at a certain frequency is 
20 X 10' 10 , and the power factor is 0*001, at which frequency 
was the measurement made? (C. G., 2, 1940.) 
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2 . SELF-INDUCTANCE 

References. Electric Circuits and Wave Filters , by Starr 
(Pitman); Admiralty Handbook of Wireless Telegraphy (H.M. 
Stationery Office) ; Radio Frequency Measurements , by Moullin 
(Griffin). 

Wire, h cm. above Earth 

L = 0-0046/ log(2 h/r) /<H. when l > -It 
and L = 0-0046/ log(2 l/r) u\\ . when / : 2 h 
where / cm. is the length and r cm. is the radius of the wire. 

Single-layer Coil 

L = 0-0098 dWk/l /tH. 

where N is the number of turns, / cm. the length and d cm. 
the diameter of the coil, and k is Nagaoka’s constant 
which depends upon d/l and is given in the following table — 


dll 

! o 

01 

| 0*2 

0-5 

1 1 

2 ! 

6 I 

10 

k 

i i 

1 0-96 

! 0-92 

j 0-82 

j 0-69 

0-53 | 

0-32 | 

0-20 


Toroid or Long Solenoid 

If d/l is small and the coil is air-cored, 

L = 0-0098 d 2 N 2 /l «H. 

= 0-0098 dbiH //H. 

where n is the number of turns per cm. length. 

If the core has a permeability a, 

L = 0-0098 d 2 n 2 f d //H. 

Mnlti-layer Coil 

r 0-023 iV 2 rf( 1 — 2-25 c/d) 

L ~ TTMlid- 

where d is the outside diameter, c the radial depth, and 
l the length of the coil all in cm. 
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Inductances in Series and in Parallel 

Tn series, the total inductance is given by 

L — -\- L 2 -)r L. A . 

In parallel, the total inductance L is given by 
l/L = 1/L, + 1 IL 2 + 1/L 3 + . . . 

Growth and Decay ol Current 

The current at any time t after connection to a voltage 
V in a circuit of inductance L and resistance R is 
i = (V/R)(l - sr m l L ) 

The decay of the current is given by 

i ^(V/R)er m l L 

The time constant of the coil is L/R sec. 

The reactance of an inductance L is a>L . 

The dynamic resistance of a coil having inductance L, 
resistance R and self- capacitance C is L/CR. 

EXAMPLES 2 

1. A glass tube 3 cm. in diameter is bent round to form a 
ring of 20 cm. diameter, and the tube is then wound uniformly 
with 500 turns of wire. Calculate the inductance of the toroid 
so formed, proving any formula used. (C. & G., Final , 1927.) 

2. A single layer solenoid is G cm. diameter and 24 cm. long, 
and is wound uniformly with 10 turns of wire per cm. of length. 
Calculate the approximate inductance in microhenries of the 
coil, and state, with reasons, whether you consider your 
calculation is an over or an under estimate. 

(I.E.E., Nov., 1929.) 

3. What is meant by the terms self-induction and reactance? 

Two coils have self-inductance of 5 henries and 10 henries 
respectively. What will be their reactance at a frequency of 
50 cycles per second when connected (a) in series, ( b ) in 
parallel? ( C . & G., 1, 1932.) 

4. A wooden ring has a mean diameter of 15 cm. and a 
circular cross-section of diameter 2 cm. It is wound uniformly 
with one layer, and the winding has 30 turns per cm. Calculate 
the inductance of this toroidal coil. (I.E.E., Nov., 1932.) 

6. State the methods which are adopted to reduce the self- 
capacitance of receiving inductances. In two similar coils 
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having the same number of turns, the lineal' dimensions of one 
coil are in all cases double the corresponding dimensions of the 
other. How will their inductances compare? 

(C. & G., Prelim ., 1934.) 

6. A relay with an inductance of 3 0 henries and a resistance 

of 180 ohms operates with 1 milliampere. What time will 
elapse before the relay commences to operate after a potential 
difference of 0 25 volt is established across its terminals? 
Prove any formula used. (I.E.E., Nov., 1934.) 

7. A glass tube 4 cm. in diameter is formed into a ring of 

25 cm. diameter, and the tube is wound uniformly with 750 
turns of wire. Find the inductance of the toroid formed in 
mH., proving any formula used. ( I.E.E. , May , 1935.) 

8. An impulsing relay, having a resistance of 600 ohms 
and an inductance of 1*8 henries, is adjusted to operate with a 
current of 20 mA. What will be the operating lag of the relay 
when it is connected in series with a non-inductive resistance 
of 1000 ohms and a battery of 48 volts? 

( I.E.E. , Nov., 1936.) 

9. An inductance coil has an inductance of 0 025 henry. 

When a 100 volt 50 cycle potential is impressed across the 
coil the current flowing is 10 A. What are the resistance and 
the power factor of the coil? (C. cfc G., Prelim., 1937.) 

10. What is meant by the time-constant of a circuit? 
A 50- volt battery, a 100-ohm resistance, and coil having an 
inductance of 4 henries and a resistance of 100 ohms, are 
connected in series. Find (a) the current after a period equiva- 
lent to the time-constant of the coil, and ( b ) the rate at which 
the current will then be increasing. (I.E.E., May, 1937.) 

11. The current in a circuit comprising resistance and 

inductance can bo represented by the expression i — ( E/R ) 
(1 -e- Rt ! L ). If E ~ 120 volts, R 60 ohms, L 0*12 
henry, e — 2*71, plot a curve showing the value of i as t varies 
from 0 to 0-004 second. From your curve find the time taken 
for the current to reach 1-26 amp. (C. <£' G., 1, 1939.) 


3. SERIES CIRCUITS 

The more important formulae for use with series circuits 
are given in the following table. Although the use of vector 
operators is not essential in series circuits they are given 
here as an alternative to the scalar quantities to make them 
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familiar to the student. The use of vector operators when 
dealing with parallel circuits is essential. 


Reactance of a tesistance R 

R 

R 

„ „ an inductance L 

ojL 

}coL 

„ „ a condenser C 

1/coC 

l/]coC = - j/coC 

Impedance Z of R , L f C in 
series 

V[R 2 -f (a )L - 1/coC) 2 ] 

R + jc oL - j fcoC 

Current I in circuit 

V/Z 

V/Z 

Voltage across resistance 

IR 

IR 

„ ,, inductance 

ojLI 

}coLI 

„ „ condenser 

I/coC 

- )I/(oC 

Power factor 

R/Z 


Resonant frequency 

ll2nV(LC) 


Impedance at resonance 

R 



EXAMPLES 3 


1. A current of 1 ampere, frequency 100 000 cycles per sec. 
is passed through a coil of resistance 20 ohms and inductance 
400 microhenries. What is the voltage across the coil? 

(C. & G., 1, 1920.) 

2. A current of 0*5 ampere, frequency 159 000 cycles per 

sec., is passed in series through 4 condenser of 1 000 micro- 
microfarads and an inductance of 800 microhenries. Find the 
voltage across each and across the two together. Resistances 
may be neglected. (C. G., 1, 1927.) 

3. If the potential difference across a condenser and a resis- 

tance in series is given by the expression v = 25 sin 10 H, and the 
current through by i = 10 sin (10 6 / ~b 30°), what are the values 
of the condenser and the resistance? ( I.E.E . , Oct., 1927.) 

4. What is understood by the statement that the impedance 

of a circuit is R jX? If the resistance of a series circuit 
is 15 ohms, the inductance is 800 microhenries and capacitance 
1 000 micromicrofarads, draw a diagram from which the 
impedance of the circuit at frequencies round about resonance 
can be read off. (I.E.E., Oct., 1927.) 

5. An alternating voltage of 100 volts (r.m.s.) at a frequency 

of 100 000 cycles is applied to a circuit consisting of a coil 
of 1 500 microhenries inductance, a condenser of 0 007 micro- 
farads capacitance, and a resistance of 25 ohms, all connected 
in series. Find the value and phase angle of the resulting 
current. (C. & G., Final , 1928.) 

0. A transmitting aerial is tuned to 600 m. by a series 
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inductance of 200 microhenries. What is the voltage at the 
leading-out insulator when the aerial is supplied with 20 
amperes (r.m.s.) at this wavelength? (C. < fc G., 1, 1029.) 

7. A condenser, resistance, and inductance ‘are connected 

in series across an alternating current supply of 100 volte, 
500 cycles. ' If the capacitance of the condenser is 2 micro- 
farads, the inductance is 1 henry and the resistance is 10 ohms, 
what is the current flowing in the circuit, and what is the 
voltage across each item? (C. &G., 1, 1929.) 

8. A circuit consisting of a coil, a variable condenser, and a 

thermo-couple is lightly coupled to a variable frequency 
power oscillator. A galvanometer is connected to the couple. 
The circuit is in resonance when the oscillator is adjusted to 
1 000 m. When the oscillator is adjusted to 1 005 m., the 
galvanometer deflection is halved. If the capacitance of the 
condenser is 0 0015 microfarad, what is the resistance of the 
circuit? (C. G., Final , 1929.) 

9. In a transmitting circuit two condensers in series carry 

a high frequency current of 100 amperes, r.m.s. The capaci- 
tances of the condensers are 0 025 and 0 015 microfarad. If 
the wavelength of the transmitter is 5 000 m., what is the 
voltage across each condenser? (C. & G., 1, 1930.) 

10. What is the current in a circuit consisting of an inductance 
of 1*5 henries, a resistance of 100 ohms, and a condenser of 20 
microfarads all in series, when subjected to an impressed e.m.f. 
of 100 volte r.m.s. at 50 cycles per sec. (C. <Sc G., 1, 1930.) 

11. A coil of inductance 2 mil. and resistance 20 ohms is con- 
nected in series with a condenser of capacitance 500/i/iF. An 
e.m.f. of value 1 volt is induced in the circuit. Calculate the p.d. 
across the condenser when this e.m.f. has a frequency of (a) 158 
kc. per sec., and (6) 150 kc. per sec. ( I.E.E. , May , 1930.) 

12. A condenser of 4 jiF. is connected in series with a resis- 

tance of 400 ohms. This combination is connected in series 
with two inductances in parallel of values 10 henries and 5 
henries respectively. What current will flow through the 
resistance when an e.m.f. of 100 volte r.m.s. at 50 periods per 
sec. is applied to the circuit? (C. G., 1, 1931.) 

13. A condenser of 2 microfarads, a resistance of 50 ohms, 
and an inductance of 6 henries are connected in series. What 
current will flow when an e.m.f. of 200 volte r.m.s. at 50 periods 
per sec. is applied to the circuit? (C. <&. G., 1, 1932.) 

14. What is the impedance at a frequency of 900 kc. per 

sec. of a circuit consisting of a condenser of 0 0002 microfarad 
capacitance in series with a coil of 200 microhenries inductance 
and 25 ohms resistance? (C. G., Prelim. t 1934.) 
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15. A circuit consisting of a resistance of 50 ohms, an 
inductance of 10 henries and a capacitance of 1 microfarad in 
series is found to pass 1 ampere with a certain applied e.m.f. 
alternating at 50 cycles per second. What will it pass with the 
same e.m.f. alternating at 100 cycles per second? 

( C . & G ., Prelim ., 1935.) 

16. An e.m.f. of constant amplitude but variable frequency 

is induced in a circuit consisting of inductance, capacitance 
and resistance in series. Show that the vector locus of the 
current in the circuit is a circle. ( I.E.E. , May , 1935.) 

17. At a frequency of 796 cycles per second, an e.m.f. of 

6 volts sends 100 mA. through a certain circuit. When the 
frequency is raised to 2 866 cycles per second, the same 
voltage sends only 50 mA. through the same circuit. Of 
what does the circuit consist? (I.E.E., May , 1936.) 

18. A series circuit has a resistance of 20 ohms, an induct- 

ance of 400 //H., and a capacitance of 320// yF. Draw the 
vector locus of the current when an e.m.f. of 10 volts at varying 
frequency acts in the circuit. From the vector locus find (a) 
the resonant frequency, ( b ) the frequencies at which the current 
is one-half its maximum value. ( I.E.E. , May , 1936.) 

19. A coil of constant inductance is connected to an 

alternating supply of 100 c/s and the current flowing is 
noticed. When a 4-microfarad condenser, of negligible 
resistance, is joined in series with the coil the value of the 
current is the same as before. Calculate the inductance of the 
coil. If the coil has a resistance of 600 ohms find the total 
impedance of the circuit. (I.E.E., Nov., 1937.) 

20. A resistance of 10 000 ohms and a condenser of 0*01 
microfarad are connected in series. If 100 volts at a fre- 
quency of l kc/s are applied across the circuit, what is the 
potential across (a) the resistance, and (b) the condenser? 
Find the value of the tangent of the angle between the applied 
voltage and the voltage across the resistance. 

(C. & G ., 1, 1938.) 

21. The impedance of a series circuit consisting of resistance 

and inductance is 200 ohms when the frequency is 500 kc/s. 
If the value of the resistance is 100 ohms, what is the value 
of the inductance? (C. & G., 1, 1940.) 

22. The voltage across a circuit consisting of an inductance 
and a resistance in series is 100 volts. If the resulting voltage 
across each of the components is the same, what is the value 
of this voltage? Explain your answer by means of a diagram. 

(C.&G., 1,1941.) 
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4. PARALLEL AND COMPOUND CIRCUITS 

The effective impedance Z of impedances Z v Z 2 , etc., in 
parallel is given by the vector equation 

l/Z = 1 \Z Y + l/Z 2 + . . . 

Each impedance in this equation is in the form of an 
operator Z = r + \x, where r is the total resistance and x 
is the equivalent reactance of the circuit. 

Expressed in the polar form, this may be written 

Z — \/(r 2 + x 2 )\tan' l (x/r) 

= *\£ 

where r = z cos (p 

x = z sin cp. 

EXAMPLES 4 

1. Find an expression for the effective impedance of two 
circuits in parallel, one consisting of a condenser C and a 
resistance R c , and the other of an inductance L having a 
resistance R t . Show that at wireless frequencies the locus of 
the impedance is very nearly a circle of diameter LjC(R l + R c )• 

( l.E.E. , Oct., 1927.) 

2. Two impedances having values of 80/30° ohms and 
24 + j?0 ohms are paralleled. What is the value of the resul- 
tant impedance expressed as the sum of real and imaginary 
quantities? What is the value of its modulus? 

(C. cfc G Final, 1929.) 

3. A coil of inductance L and resistance R is connected in 
parallel with a condenser of capacitance K : these two to- 
gether are connected in series with a condenser of capacitance 
C and a source of sinoidal applied voltage. Find the apparent 
input resistance of the whole system when the frequency 
n = pj2n is such that p 2 L{C + K) — 1. 

(l.E.E. , Nov., 1929.) 

4. A coil of inductance 5 mil. and resistance 50 ohms is 
joined in parallel with a condenser of 508 jufiE. capacitance: 
these two together are joined in series with a non-inductive 
resistance of 50 000 ohms to a source of alternating p.d. of 
magnitude 1 volt and frequency 100 kilocycles per sec. 
Calculate the p.d. between the terminals of the condenser. 

(l.E.E., Nov., 1929.) 
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5. A circuit consists of a condenser of 10 microfarads 
capacitance which is joined in series with a combination of an 
inductance of 0-5 henry in parallel with a resistance of 300 
ohms. What is the value and phase angle of the current in the 
condenser when an applied e.m.f. of 250 volts r.m.s. at 100 
cycles per sec. is applied to the circuit? 

{C. & G., Final , 1930.) 

0. A coil is wound with very fine stranded wire, and at low 
frequencies it is found to have an inductance of 3*2 mH. 
and a resistance of 100 ohms. It has a self-capacitance of 
32 /i/iF. Calculate the apparent inductance and resistance 
for currents the frequency of which corresponds to a wave 
length of 000 m. ( I.E.E. , May , 1930.) 

7. Find the values of the non-inductive resistance and non- 

resistive inductance which, when connected in parallel, have 
the same impedance at a given frequency as a coil of inductance 
L and resistance R. ( I.E.E. , May , 1930.) 

8. A non-inductive resistance of 10 5 ohms is connected in 

the anode circuit of a rectifier valve, and is shunted by a by- 
pass condenser of 500 jufiV. capacitance. A modulated signal, 
the carrier wave of which has a length of 300 m., is applied 
between grid and filament of the valve. Calculate the imped- 
ance of the combination to the carrier frequency and also to 
currents of frequency (a) 5 kc. per sec. ; and ( b ) 100 cycles per 
sec. {I.E.E ., May , 1930.) 

9. A coil of inductance 1 mH. and resistance 10 ohms is 

connected in parallel with a condenser of 80 /ijuF. capacitance, 
and a p.d. of 1 volt at a frequency of 750 kc. per sec. is applied 
to the terminals of the combination. Find the current in the 
coil, the current in the condenser, and also the current from 
the source. ( I.E.E. , May , 1930.) 

10. Explain the term “ self-capacitance ** of a coil. A certain 
coil has an inductance of 5 mH. and a self-capacitance of 
5 fifiF. What will be its effective resistance and inductance 
at a frequency corresponding to a wavelength of 600 m., if 
the high frequency resistance of the windings is 100 ohms? 
Find the effective power factor of the coil at this frequency. 

{I.E.E., Nov., 1931.) 

11. How would you measure the self-capacitance of a coil? 

A. coil of 3 mH. inductance has a self-capacitance of 10 fi/iF. : 
if the apparent resistance is 70 ohms at a wavelength of 1 000 m., 
calculate the resistance it would have in the absence of self- 
capacitance. {I.E.E., Nov., 1932.) 

12. A resistance of 1 500 ohms and an inductance of 5 henries 
are connected in parallel across a 50 cycles per sec. alternating 
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current supply of 1 000 volts r.m.s. What will be the total 
current taken from the mains? (C. & G., 1, 1933.) 

13. An alternating voltage of 100 volts (r.m.s.) at 50 periods 

per sec. is applied to a circuit consisting of a condenser of 
2 microfarads in parallel with a coil having an inductance of 
5 henries and a resistance of 100 ohms. What will be the 
amplitude and phase of the current through the inductance, 
and the amplitude and phase of the current taken from the 
mains? ( I.E.E . , May , 1933.) 

14. A circuit consists of two branches in parallel. One 
branch consists of an inductance L in series with a resistance 
R ; the other branch consists of a condenser C in series with a 
resistance R. If V( L/C ) — R , prove that the impedance of the 
circuit is independent of frequency and equal to R. 

( C . <fc G. y Final , 1933.) 

15. A condenser of 2 microfarads is shunted by a variable 

resistance. Draw the vector locus of the impedance of the 
parallel circuit at a frequency of 796 cycles per second as the 
resistance is varied from zero to infinity. From the locus read 
off the impedance when the resistance has values of 100 ohms 
and 250 ohms. ( I.E.E.y Nov.> 1934.) 

16. A coil with an impedance of 20 + j50 has induced 
in it an e.m.f. of 10 volts. Across the coil are connected two 
circuits in parallel, the impedances of which are 100 -f j0 and 
60 — j40 respectively. Find the current which flows in the coil. 

( I.E.E . , May , 1936.) 

17. A circuit includes two sections AB and BC in series. 

The section AB consists of two branches in parallel. The first 
of these is formed of a non-inductive resistance of 60 ohms in 
series with a condenser of 50 microfarads, whilst the second 
consists of a resistance of 60 ohms having an inductance of 
250 millihenries. The section BC consists of a resistance of 
100 ohms having an inductance of 300 millihenries. The 
frequency of the current is 50 cycles per second. The voltage 
across the section A B is 500 volts. What is the voltage across 
the section BC ? {I.E.E., Nov. t 1936.) 

18. The arms of a T-network ABC-BD are as follows: 
AB and BC eacli consist of a coil having a resistance of 40 
ohms, and an inductance of 4 mil., and BD is a 10-microfarad 
condenser. Across A and D is established a p.d. of 6 volts 
at a frequency of 796 c/s. Find the current in a resistance of 
40 ohms connected across C and D and its phase angle with 
regard to the applied potential difference. 

( I.E.E., May , 1937.) 

19. An inductance of l/n inH. and a capacitance of 0* 1 /tt 
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microfarad arc connected in parallel across an a.c. supply. 
If the frequency is 100 kc/s and the value of the current 
in the inductance arm is 1 ampere, find («) the voltage across 
the parallel circuit, (6) the current in the capacitance arm, 
(c) the total current in the common external circuit. 

(C. & G., 1, 1939.) 

5. SERIES RESONANCE 

References. Radio Frequency Measurements , by Moullin 
(Gridin); Admiralty Handbook of Wireless Telegraphy (H.M. 
Stationery Office) ; Wireless , by Turner (Cambridge Univ. 
Press) ; Radio Engineering , by Terman (McGraw-Hill) ; 
Principles of Radio Engineering , by Glasgow (McGraw-Hill). 

The condition for resonance is that the reactance must 
be zero. 

This is achieved in a simple series L, C, R circuit when 
co 2 = 1 /LC, 

in which case the impedance Z = R and the current is a 
maximum. 

If V is the applied voltage, the current I = V/R and the 
voltages across the coil and across the condenser 

= VcoL/R = V/coCR 

The magnification factor Q ~ 1/ojCR — ooL/R . 

In a composite circuit the condition for resonance is 
determined by finding the total vector impedance in the 
cartesian form R + jX, and equating the imaginary com- 
ponent, i.e. X , to zero. 

Practical formulae for the determination of the resonant 
frequency are 

/= 159*2/ = 300/ A 
where A = 1*88 5\/(LC) 

and A/ = 300. 

Here, / is in megacycles per sec., A in metres, L in micro- 
henries, and C in inieromicrofarads. 

EXAMPLES 5 

1. A condenser having a capacity of 800 micromicrofarads 
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and a resistance of 1*6 ohms is connected across a coil having 
an inductance of 1 500 microhenries and a resistance of 8*5 
ohms, and an e.m.f. of 10 volts is induced in the coil. Find the 
frequency of the e.m.f. which will produce the largest current 
in the circuit and the value of the current when the frequency 
has this value. ( C . G., 1, 1926.) 

2. An inductance and condenser are connected in series and 
are found to resonate at a wavelength of 750 metres. A second 
condenser of 250 fifiF. capacitance is connected in parallel 
with the first condenser, and the circuit now resonates at 

1 000 m. What is the value of the inductance and the capaci- 
tance of the first condenser? ( C . & <7., 1, 1930.) 

3. An alternator generating 500 volts r.m.s. at a frequency 
of 100 cycles per sec. has an armature, the inductance of which 
is 0-25 henry. What power will it deliver into a resistance of 
100 ohms? Can this power be increased by the use of a 
condenser? If so, how should the condenser be connected and 
what is the value of its capacitance? What power will be 
delivered to the resistance with the condenser in use ? 

(C. tfc <7., 1, 1930.) 

4. What is meant by resonance in a circuit? What is a 

resonance curve? How is the resonance curve of a circuit 
affected by resistance? A condenser of 1000 fifiF. is connected 
in series with an inductance of 500 ft H. What is the wave- 
length at which this circuit would resonate? If an additional 
condenser of 250 fifiF. is connected in series, what will be the 
wavelength of resonance? (C. & G.> 1, 1931.) 

5. A coil of 2 mH. inductance is shunted by a capacitance of 

2 000 fiftF. These two together are connected in series with an 
inductance of 4 mH., and an alternating p.d. is applied to the 
combination. Find the frequency of this p.d. to which the 
compound circuit will be in acceptor resonance. 

(I.E.E., May , 1931.) 

6. If each coil in Q. 5 has a resistance of 10 ohms at the 

resonant frequency, find the apparent input resistance of the 
combination. ( I.E.E . , May, 1931.) 

7. Two low-decrement coils, each of inductance 5 mH., 
are connected in series with one another. A capacitance of 
500 fifiF. is connected across one coil and a capacitance of 
400 fifiF. across the other coil. Find the frequency at which 
the network is in acceptor resonance, and sketch the resonance 
curve between frequencies of about 50 and 150 kc. per sec. 

(J.E.E., Nov., 1931.) 

8. An inductance L , having a resistance R , is joined in 
parallel with a capacitance C ; these two together are in series 
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with an inductance L having a resistance R . Find the effective 
resistance and reactance of the combination when the fre- 
quency is such that oj 2 = l/LC. (I.E.E., May , 1932.) 

9. How would you determine the natural wavelength of a 
coil? An oscillatory circuit containing a thermo-miiliammeter 
is weakly coupled to a power oscillator and tuned to resonance 
when the reading of the thermo-miiliammeter is 20 milli- 
amperes. A resistance of 5 ohms, is then added in series with 
the resonant circuit and the current becomes 4 milliamperes. 
What is the resistance of the circuit? If damped oscillations 
had been generated in the circuit itself by means of a buzzer 
and the current without the added resistance had been 
20 milliamperes, what would have been the reading when the 
resistance of 5 ohms was inserted? ( C . & (7., Final , 1933.) 

10. Explain why the ratio t oL/R is known as the magnifica- 

tion of an oscillatory circuit. Show how to find the effect on 
the magnification of a high resistance shunting the oscillatory 
circuit. If the inductance and resistance of an oscillatory 
circuit, tuned to 300 m., are 150 /jH. and 10 ohms respectively, 
And the magnification when the condenser is shunted by a 
resistance of 50 000 ohms. ( I.E.E., Nov., 1935.) 

11. A tuned circuit consists of a condenser of 0 0005/iF. 

capacitance and an inductor of 1 mH. What is the wave- 
length to which it will resonate ? What will be the effect on the 
wavelength of adding a condenser of 0-0003//F. in series with 
the original condenser, and an inductor of 0*4 mH. in parallel 
with the original inductor? (C. <Sc G ., Prelim., 1936.) 

12. A series tuned circuit has a capacitance of 0-2 micro- 

farad; what must be its inductance, in order that resonance 
shall occur at a frequency of 500 kc/s? What is fhe effect of 
resistance on the frequency/amplitude response curve of such 
a circuit? (C. <Sc G., 1, 1938.) 

13. A resistor, condenser, and variable inductor are connected 

in series across a 200-volt 50 c/s a.c. supply. The maximum 
current which can be obtained by varying the inductance is 
314 mA., and the voltage ficross the condenser is then 300 volts. 
Calculate the capacitance of the condepser and the values of 
the inductance and resistance. ( I.E.E . , May , 1938.) 

14. The capacitance of a condenser used for tuning a re- 

ceiver can be varied between 30 and 300 micromicrofarads. 
If the inductance is 100 microhenries, what is the approximate 
tuning range of the receiver? (C. & G\, 1, 1940.) 

15. When an inductance and resistance are connected in 
series it is found that the current passing at a fixed frequency 
of 100 kc/s is half that passing when the resistance alone is in 
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circuit, the applied voltage remaining constant. What is the 
power factor of the inductance/resistance circuit? If the value 
of the resistance is 100 ohms, what must be the value of the 
capacitance needed in series with the inductance and resist- 
ance to restore the current to the same value as when the 
resistance alone was in circuit? (C. G ., 2, 1941.) 


6. PARALLEL RESONANCE 

References. Radio Frequency Measurements , by Moullin; 
Admiralty Handbook of Wireless Telegraphy ; Radio Engineer- 
ing \ by Terman; Principles of Radio Engineering , by Glasgow. 

The condition for resonance is the same as that for an 
acceptor circuit, viz. that the reactance must be zero. 

In a simple circuit having two parallel branches, one 
containing a capacitance C and the other an inductance L 
in series with a resistance R> this occurs when 

m 2 = (l/LC) - ( R 2 /L 2 ) = 1 /LC 

if R is small. 

The effective or dynamic resistance of the circuit at 
resonance 

= L/CR = o) 2 L 2 IR 

In more involved circuits the resonant condition is deter- 
mined by finding the total vector impedance and equating 
the imaginary component to zero. 

If a network has no resistance it will be a stopper circuit 
when the reactance is a maximum. 

EXAMPLES *6 

1. An alternating current of 5 milliamperes divides between 
a condenser and a coil connected in parallel. If the condenser 
has a capacity of 350 micromicrofarads and a negligible series 
resistance whilst the coil has an inductance of 250 micro- 
henries and an effective resistance of 12 ohms, at what fre- 
quency will the voltage across the combination be a maximum, 
and what will be the value of this maximum voltage? 

(L.U., 1926.) 
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2. A condenser of 0*004 microfarad is^shunted by an induc- 
tance of 1 000 microhenries having a high frequency resistance 
of 30 ohms. A voltage of 0*5 volt (r.m.s.) is applied across the 
terminals of the condenser at the resonant frequency of the 
circuit. Find the yalues of the currents in the condenser, 
in the inductance, and in the supply circuit. 

(C. & G., Final , 1928.) 

3. The anode current of a valve generator contains a funda- 

mental component of frequency 500 kc. per sec. and amplitude 
10 mA. The anode circuit consists of a coil of 500 yH. induct- 
ance and decrement 2 per cent, shunted by a condenser. 
Calculate the value of the current in this tuned oscillatory 
circuit. ( I.E.E. , May , 1930.) 

4. A compound impedance consists of three parallel branches. 

The first branch is an inductance of 1 mH., the second is an 
inductance of 1 mH. in series with a capacitance of 1 000 yy F., 
and the third is a capacitance C. Find the value of C in order 
that the whole may be in stopper-circuit resonance to a fre- 
quency of 80 kilocycles per sec. ( I.E.E. , Nov,, 1932.) 

5. One branch of a parallel circuit consists of an inductance 
of 80 mH having a resistance of 6 ohms, and the other branch 
consists of a condenser of capacitance 2*0 yF. and negligible 
resistance. What is the impedance of the circuit at the 
resonance frequency and at frequencies 5 per cent greater 
than and 5 per cent less than the resonance frequency? 

(I.E.E., May , 1935.) 

6. A parallel circuit consists of two arms, one containing 
resistance and inductance in series, the other containing 
capacitance. The impedance across the circuit at resonant 
frequency is measured. The three elements are then placed 
in series and the impedance at resonant frequency again 
measured. The impedance in the first case was found to be 
much higher than in the second case. Explain these facts by 
the aid of vector diagrams. If the values of the two impedances 
were 10 000 ohms and 100 ohms respectively, calculate the 
ratio of the inductance and capacitance. (C. & G ., 2, 1939.) 

7. The oscillatory circuit of a wavemeter consists of a 
variable condenser of capacitance C in series with a coil of 
inductance L and resistance B. Explain why at a given fre- 
quency the setting of the condenser for resonance is not the 
same when employing a voltage -detector as it is when employ- 
ing a current-detector. If L — 400 microhenries and R = 90 
ohms, determine the capacitance values required to give current 
and voltage resonance at a frequency of 0*25 Mc/s. 

(I.E.E., May , 1940.) 
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7. RESONANCE CURVES AND 
DECREMENT 

The decrement <5 of an L, C , R circuit is given by 

<5 = R/2JL = ttRIcoL = t tRcoC = 7 tR^(C/L) 

~~ 77 (power factor of coil) 

In a resonance curve, let I = current at resonant 
frequency /. Let the current be I/k, at two frequencies / s 
and / 2 on either side of /. 

Then the decrement 



where m — \/(k 2 - 1). 

If k — y/2, m — 1, and we have <5 = 

If C is varied instead of /, 5 ( ^ 


EXAMPLES 7 

1. Explain, giving experimental details, how to obtain the 
resonance curve of an oscillatory circuit with a natural fre- 
quency of about a million. Show how to obtain the decay 
factor or logarithmic decrement of the circuit from the curve. 

( L.U . , 1920.) 

2. What is meant by resonance and resonance curves in 

wireless circuits? How would you proceed experimentally to 
draw a simple resonance curve? (C. & G. 9 1, 1927.) 

3. Give details of an experimental method of drawing the 
resonance curve of an oscillatory circuit with a natural fre- 
quency of about a million cycles per sec. Show how to find the 
decay factor of the circuit from the curve. 

(C. & G. y Final , 1927.) 

4. Give an account of an experimental method of drawing 
the resonance curve of an oscillatory circuit with a natural 
frequency of about a million cycles per sec. Show how to 
find the decay factor of the circuit from the curve. 

( I.E.E . , Oct., 1927.) 
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5. The resonance curve, connecting current and frequency, 

is plotted for a simple inductance, resistance, capacitance 
circuit. Prove that the decrement of the circuit is n times the 
fractional width of the resonance curve at 1/ y/2 of its maximum 
height. (I.E.E., Nov., 1929.) 

6. If a resonant circuit of natural frequency f 0 has induced 
in it a constant e.m.f. of varying frequency, there will be 
found two frequencies f x and / 2 above and below f 0 at which 
the current in the circuit is half the value of the current at / 0 . 
Show that 

fi X / 2 = f 0 2 and /j -/ 2 = ( \/S)R/27iL 

( C . G ., Final , 1930.) 

7. A simple X, C, R circuit is acted on by an e.m.f. of con- 
stant amplitude but varying frequency. Show that the power 
factor of the circuit is equal to the fractional width of the 
resonance curve measured at 1/ y/2 of its maximum height. 

( I.E.E. , Nov., 1932.) 

8. A tuned circuit consists of a condenser of 1 .000 mi F. 

capacitance, and a coil of 0 3 mH. inductance and 40 ohms 
resistance. If f 0 is the frequency of resonance, compute and 
plot on squared paper the resonance curve between 0-9 /„ and 
11 f 0 . What is the band width in cycles at half the peak 
response? ( C . & G., Inter., 1935.) 

9. Derive an expression for the width of response of a 

resonant circuit at 1/ y/2 of the amplitude at resonance, under 
a constant applied e.m.f. in terms of the equivalent decrejnent 
of the circuit. ( C . cfe* G., Final, 1936.) 

10. In order to measure the resistance of a coil of negligible 
self-capacitance it is connected in series with a thermomilliam- 
meter of 9 ohms heater resistance across a variable condenser. 
The circuit is then weakly coupled to a high-frequency source 
of 1 megacycle per second. When the condenser is tuned to 
resonance, a current of 10 mA. flows in the circuit. The con- 
denser is then adjusted above and below the resonance fre- 
quency, until the current is 7 07 mA. The values of the con- 
denser to give this current are 450 and 650 micromicrofarads 
respectively. What is the resistance of the coil? 

(C. cfe G., Inter., 1937.) 

11. A coil of unknown resistance and inductance is con- 
nected in parallel with a low-loss variable air condenser, and 
the circuit so formed is made resonant at a frequency of 
1 Mc/s by adjusting the condenser to a capacitance value 
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of 200 micromicrofarads. It is found that the circuit current 
falls to l/\/2 of the value at resonance on changing the 
capacitance to 198 micromicrofarads. Calculate the inductance, 
resistance, and power factor of the coil at the frequency in 
question. ( I.E.E . , Nov., 1940.) 


8. MUTUAL INDUCTANCE AND 
COUPLED CIRCUITS 

References. Telegraphy and Telephony , by Mallet (Chap- 
man & Hall) ; Wireless, by Turner (Cambridge Univ. Press) ; 
Principles of Radio Engineering, by Glasgow ; Radio Engineer- 
ing, by Terman. 

The e.m.f. induced in a circuit which is coupled by a 
mutual inductance M to another circuit in which a varying 
current flows is given by 

e — M(dijdt) or E = coMI 
or vectorially E = j coMI 

If two inductances, L x and L 2 , having a mutual inductance 
Af, are connected together, their joint inductance will be 

(a) In series aiding L x + L 2 + 2 M 

(b) In series opposing L x + - 2 M 

/ \ r ii i • i« /qZ/o — 

(c) In paraUel a.ding 


(d) In parallel opposing 

Mutual Inductance Coupling: (Fig. 1) 

Coefficient of coupling k = M/\/{L i L 2 ) 
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Equivalent resistance R = R x + R 2 {(oMfZ 2 ) 2 
Equivalent reactance X = X x - X 2 (a>3f/Z 2 ) 2 



Internal Inductance Coupling: (Fig. 2) 

* = _. a 

v[{i ' + ^i) + -^)j 


L 2 

*2 

(Fig. 2) 


External Inductance Coupling: (Fig. 3) 
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Internal Capacitance Coupling: (Fig. 4) 



External Capacitance Coupling: (Fig. 5) 

k = Q 

V[0 + c x ) (C + C t ) 1 



Secondary Current with Mutual Inductance Coupling 

The secondary current at resonance in a pair of tuned 
inductively-eoupJed circuits is 

. / = 1 

2 o>M{\ + (RJiJojHP)} 

This is a maximum at critical coupling, i.e. when 
co 2 M 2 - R x R 2 

or lc 2 = 1 IQ1Q2 y 

The maximum current = E/2o)M = FJI2^/(R l R 2 ). The 
corresponding primary current — E/2R V 
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If k > II\/(QiQ 2 ), there are two peaks of secondary 
current ; if the circuit resistances are each equal to R , each 
peak has a height I = E/2R. 

The frequency width between the peaks is 

L = W[k 2 -miQi 2 )-W* 2 )}} 

where / is the resonant frequency of each circuit. 

If ll x = R 2 the peak separation becomes 

and the two peak frequencies are 

f{l ± l IQ 2 )}. 

The width of the resonance curve at the trough is/, — f v \/ 2. 

If tlte circuit resistances are negligibly small, the peak 
frequencies are approximately // Vl -j : k. 

These frequencies also represent the frequencies of free 
oscillations in two coupled circuits, as in a spark transmitter. 


EXAMPLES 8 

1. An oscillatory circuit consists of a coil of inductance 
3 500 microhenries and resistance 12 ohms, and a condenser 
of capacitance 900 micromicrofarads and resistance 1 ohm. 
Coupled with the coil of this circuit, with a mutual inductance 
of 100 microhenries, is a second coil through which is passed 
a current of 1 ampere at such a frequency as to make the cur- 
rent in the oscillatory circuit a maximum. Find the value of 
the current in the oscillatory circuit. (C & G ., Final , 1920.) 

2. Two circuits, each consisting of an inductance of 0-005 
henry and a condenser of 0-003 microfarad, are coupled to- 
gether by a condenser of 0*1 microfarad which forms a branch 
common to the two circuits. What is the coefficient of coupling? 

(I.E.E., OcL, 1926.) 

3. The resonance curve of a spark transmitter is found to 

have two peaks, one at 590 metres and the other at 620 metres. 
Calculate the coefficient of coupling between the primary and 
secondary circuits. ( I.E.E . , OcL, 1926.) 

4. Two tuned oscillatory circuits are coupled by mutual 


*-<T.35) 
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inductance. Show that with^ sufficient coupling two current 
maxima will appear in the secondary, as the frequency of the 
e.m.f. in the primary is varied, and find an expression for the 
frequencies at which the maxima occur. 

(C. & G ., Final , 1927.) 

6. Define mutual inductance. If an e.m.f. of 1 volt is in- 
duced in one coil by an alternating current of 5 milliamperes, 
frequency 500 000, in another coil, what is the mutual induc- 
tance between the two coils? ( I.E.E. , Od., 1927.) 

6. Two circuits have a mutual inductance of 100 micro- 

henries. What voltage will be induced in one circuit by a 
current in the other of 10 milliamperes (r.m.s.) at a frequency 
of 100 000 cycles? (C. G., 1, 1928.) 

7. Two tuned circuits, each coiisisting of a condenser of 

0-001 microfarad and an inductance of 1 500 microhenries, are 
coupled together by means of a third inductance of 200 micro- 
henries common to both circuits. If free oscillations are set 
up in the circuits by some means, at what frequencies would 
they occur? (C. G., Final , 1929.) 

8. Two circuits tuned to a frequency of 318 000 and each 

having a decay factor of 10 000 and an inductance of 400 /*H. 
are coupled together by a mutual inductance of 10 /*H. An 
e.m.f. of 1 volt is induced in the first circuit. Draw a curve 
showing the current in the second circuit as the frequency of 
the e.m.f. is varied from 2 per cent below to 2 per cent above 
the resonant frequency of the circuits. ( L.U . , 1931.) 

9. Two coils have inductances of 250 /iH. and 100 /iH. 

respectively. They are placed so that their mutual inductance 
is 50 pH. What will be their joint inductance (a) in series 
aiding, ( b ) in series opposing, (c) in parallel aiding, ( d ) in 
parallel opposing? (C. G., Final , 1931.) 

10. A high frequency ammeter is coupled to an oscillatory 

circuit by means of an air cored transformer. The primary 
winding carries 100 amperes at 10 5 cycles per sec. The second- 
ary circuit has a total inductance of 20 //H. and a mutual 
inductance with the primary of 1 /iH. If the resistance of the 
secondary circuit including the meter is 4 ohms, what current 
will flow through the meter? (C. & G., Final , 1931.) 

11. A circuit of inductance X* and resistance R % is coupled 

by mutual inductance M to a coil of inductance L x and resist- 
ance R x . Derive an expression for the apparent input imped- 
ance of this coil. (I.E.E. 9 May , 1931.) 

12. Two tuned circuits are coupled together magnetically 
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The inductance, resistance, and capacitance of the two circuits 
are in order — 

1st circuit: 500 /*H., 25 ohms, 800 yyF. 

2nd circuit: 800 y H., 40 ohms, 500 yyF. 

t 

The mutual inductance is 90 yH. An e.m.f. of 1 volt of varying 
frequency is induced in the first circuit. Draw a curve showing 
the current amplitude in the second as the frequency is varied 
through resonance. (L.l 7., 1932.) 

13. Two circuits, each consisting of an inductance of 160 
microhenries, a resistance of 10 ohms, and a condenser of 0 001 
microfarad, are coupled by a mutual inductance between the 
inductances of 2 microhenries. If an e.m.f. of 100 volts r.m.s. 
at 400 000 cycles per sec. is applied in series with one circuit, 
what will be the currents in the circuits? 

(C. & G ., Final , 1932.) 

14. Two coils, one of 800 yH. and 200 ohms and the other 
of 200 /*H. and 40 ohms, are coupled by a mutual inductance 
of 150 fill. A p.d. of 10 volts, frequency 79 600 cycles per sec., 
is established across the first. Find the current in the second 
when a condenser of 1 000 yy F. is connected across its terminals. 

(. I.E.E . , May , 1934.) 

15. The effective resistance of a coil at an co value of 10 6 is 

increased by 9-6 ohms when the coil is coupled by mutual 
inductance with a resonant circuit having a resistance of 
15 ohms. Find the value of the mutual inductance, proving 
any formula used. ( I.E.E. , Nov., 1934.) 

16. Two circuits each consisting of an inductance of 1 mH., 
a resistance of 100 ohms, and a condenser of 0 001 yF., are 
coupled by a mutual inductance between the coils of 10 yFL. 
At what frequency will an e.m.f. of 1 volt in one of the circuits 
produce maximum current in the other? What will be tjie 
value of the currents in each circuit? 

(C. G., Inter., 1935.) 

17. Define mutual inductance. A glass tube, 3 cm. in 
di&meter, is formed into a ring of 20 cm. diameter, and is 
wound uniformly with 1 200 turns of wire. A second coil of 
500 turns is wound closely on the first. Find the mutual 
inductance between the two coils, in microhenries. 

(I.E.E., Nov., 1935.) 

18. A long solenoid of cross-sectional area 16 sq. cm. has 
a winding of 10 turns per cm. length. At the middle of the 
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solenoid is a secondary coil of 250 turns. What current, at a 
frequency of 1 000 cyc»« s per second, must flow in the solenoid 
in order that a p.d. of 0-5 volt may appear at the secondary 
terminals? { I.E.E. , May , 1936.) 

19. Two circuits, each consisting of an inductance of 
2 millihenries, a resistance of 200 ohms, and a condenser of 
0 002 microfarads, are coupled by a mutual inductance of 
10 microhenries. At what frequency will an e.m.f. of 1 volt 
in one of the circuits produce maximum current in the other? 
What will be the values of the current in each circuit? 

(I.E.E. , No v., 1936.) 

20. Why are coupled circuits used in radio receivers? What 

is the advantage of variable coupling in a receiver? Indicate 
with diagrams two methods of providing variable coupling 
in a receiver. What is meant by the term “coefficient of 
coupling”? (C. G ., Prelim 1937.) 

21. A circuit consisting of a condenser of 0 001 microfarad 

capacitance and an inductance of 500 microhenries is coupled 
magnetically with a second consisting of a condenser of 0 0005 
microfarad capacitance and an inductance of 1000 micro- 
henries. The mutual inductance between the coils is 100 
microhenries and the resistances of the primary and secondary 
coils are 15 ohms and 35 ohms respectively. What is the 
effective series impedance of the primary circuit at a frequency 
of 200 kc. per second? (C. & G.> Inter., 1937.) 

22. Two coils, each having an inductance of 200 //II. and 
a resistance of 15 ohms, are tuned to a frequency of 400 kc/s. 
They are coupled by a mutual inductance of 8 // II . to form a 
band-pass filter. Calculate (a) the value of the critical coupling ; 
(6) the frequency separation of the secondary current peaks; 
(c) the width of the secondary current curve at the trough. 

23. Two inductively-coupled circuits comprise resistance, 
capacitance, and inductance in series, in both the primary 
and the secondary circuits. Deduce a formula for the effective 
resistance and the effective impedance of the primary. If the 
values of resistance, capacitance, and inductance in the 
primary and secondary circuits, respectively, are 20 ohms, 
0*005 fiF ., 300 fill . ; 10 ohms, 0 001 fi F., 100 /*H., the mutual 
inductance is 20 fill, and the frequency is 1 Mc/s, find the 
effective impedance as measured across the primary terminals. 

(C. <fr. G\, 3, 1938.) 

24. Two circuits, each having a resistance of 20 ohms, 
an inductance of 500 fill . and a capacitance of 1 000 /i//F., 
are coupled together magnetically, the mutual inductance 
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being 20 /ill. An e.m.f. of 10 volts of varying frequency is 
injected from an external source into one circuit. Find the 
current in the second circuit when the frequency is above the 
natural frequency of each circuit and is adjusted to give the 
maximum current response in the second circuit. 

( L.U. , 1939.) 

25. Each of two circuits A and B consists of a coil and a 
variable condenser. Each coil has an inductance of 1500 ^H. 
and a resistance of 30 ohms, and the two circuits have a mutual 
inductance of 100 /ill . Circuit A is tuned to 750/2ir kc/s with 
/i on open circuit, and circuit B is tuned to 810/27r kc/s with 
A on open circuit. Calculate the current in B when an e.m.f. 
of 2 volts, having a frequency of 780/27r kc/s, is induced in 
circuit A. ( L.U. , 1940.) 


9. DAMPED OSCILLATIONS 

References. Admiralty Handbook of Wireless Telegraphy ; 
Telegraphy and Telephony , by Mallett. 

The number of oscillations occurring in an oscillatory 
circuit before the amplitude is reduced to 1 per cent of the 
initial value is given by 

N = 1 + 4-605/(5 

where 8 is the decrement of the circuit. 

8 = R/2fL = ttR/coL = t tRcoC = nRy/(C/L) 

The natural frequency of the circuit is given by 

o, 2 = \l/LC)~ (R 2 /4L 2 ) 

A circuit in which M is equal to or greater than 2\ / (L/C) 
is aperiodic or non-oscillatory. 


' EXAMPLES 9 

1. When does shock excitation occur in practice, and what 

are the results in a single circuit havipg inductance, capacity, 
and resistance in series? Find the number of free oscillations 
which occur in such a circuit before the amplitude is reduced 
to 1 per cent of its initial value. ( L.U. , 1925.) 

2. A direct current is flowing in an inductance across which 
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a condenser is connected. Explain what happens when the 
source of supply of the current is suddenly disconnected. 

(C. & G., 1, 1926.) 

3. A resonance circuit has the following constants : capaci- 

tance 0 003 microfarad, inductance 0 001 henry and resistance 
10 ohms. The condenser is charged and allowed to discharge 
through the circuit. Calculate the number of oscillations 
which occur up to the point when the amplitude is reduced to 
10 per cent of the initial amplitude. ( I.E.E ., Oct., 1926.) 

4. What is meant by logarithmic decrement? What is the 
expression for the logarithmic decrement of a simple resonant 
circuit consisting of inductance L t capacitance C , and resis- 
tance R ? If such a circuit has a logarithmic decrement of 
0-115, how many cycles would occur after the circuit was 
initially excited before the amplitude of oscillations was 
reduced to 1 per cent of the initial value? 

(C. & G., Final , 1930.) 

5. A condenser of 0 0 1 microfarad is charged to a d.c. 
potential and connected across an inductance of 1 000 micro- 
henries having a resistance of 1 5 ohms. What time will elapse 
after connection before the amplitude of the oscillatory cur- 
rent has decreased to 1 per cent of its initial amplitude? 

(C. cfc G., Final , 1932.) 

6. A condenser of 0 005 microfarad is charged and connected 

across an inductance of 2 millihenries having a resistance of 
10 ohms. How many complete oscillations will occur before 
the amplitude of the oscillating current has decreased to 1 
per cent of its initial amplitude? ( I.E.E. , May , 1933.) 

7. A condenser of capacity 350 micromicrofarads is charged 

and then connected across a coil of inductance 10* 4 henries 
and resistance 2-5 ohms. Determine (i) the logarithmic decre- 
ment of the oscillation in the circuit, (ii) the time taken for the 
oscillation to fall to 1 per cent of its initial value and the 
number of oscillations during that time, (iii) the resistance 
which when connected in series with the circuit is just sufficient 
to damp out the oscillation. Assume that the radiation resist- 
ance of the circuit is negligible. ( L.U. , 1934.) 

8. What is meant by a damped oscillation? How are such 
oscillations produced? Why is the use of damped oscillations 
for radio-communication purposes declining? 

% (C. cfc G. t Prelim ., 1936.) 

9. A circuit consists of resistance, capacitance, and in- 
ductance in series. Either 

(a) Write down the formula for the natural frequency of 
the circuit. If the resistance were negligible, the resonant 
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frequency would be l/2n kc/s: If the inductance is 10 mH., 
what is the value of the resistance when the circuit is about to 
pass from a non-oscillatory to an oscillatory condition ? or 
(b) Deduce the formula for the natural frequency of the 
circuit. (C. & G ., 3, 1940.) 


10. SPARK TRANSMITTERS 

The power input to the transmitter is given by 
NGV 2 

p = * 71 ?“ 

where N = spark train frequency, 

C = capacitance of primary condenser in micro- 
farads, 

V — charging voltage. 

EXAMPLES 10 

1. Describe the synchronous spark system and explain why 
it is desirable to tune the low frequency portion of the circuit. 

(. I.E.E. , Oct., 1926.) 

2. Explain the action in the oscillatory circuit of a spark 

transmitter. Show how to find the energy stored in the con- 
densers, and hence the average power consumption in the 
circuit. (C. & G., 1, 1927.) 

3. Describe and explain the action of a synchronous spark 
system ot wireless telegraph transmission. 

(I.E.E. , Oct., 1927.) 

4. Draw a circuit diagram of a rotary spark transmitter of 
about 1 J kW. input, assuming that a d.c. supply is available. 
Indicate the usual switches, fuses, and transmitting key. 

( C . & G., 1, 1928.) 

5. A spark transmitter has a transformer whose secondary 

winding is centre tapped. It is desired to modify this trans- 
mitter to a tonic train or interrupted continuous wave valve 
transmitter having the same note frequency as the original 
spark. Draw a diagram showing the essential components 
and circuits necessary to effect this. ( C . & G., 1; 1929.) 

6. Describe, with sketches, three types of spark gap used 

on spark transmitters and state the advantages and dis- 
advantages of each type. (C. & G., 1, 1930.) 
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7. Describe the construction and action of a quenched 

spark gap. Give a description and wiring diagram of a £ kW. 
quenched spark transmitter suitable for marine use, to work 
from a 24-volt battery. (C. & G ., 1, 1931.) 

8. Give a diagram and description of a spark transmitter 

of about 1 1 kW. input. What determines the power input 
to a spark transmitter? Show how it is possible to change 
the wavelength of such a transmitter without changing the 
power iilput. (C. & G., 1, 1932.) 

9. In a spark transmitter the primary condenser has a 

capacitance of 0 0 16 microfarad and is charged from an alterna- 
tor through a transformer having a step-up ratio of 100. If 
the inductance of the alternator is 0 05 henry and the fre- 
quency of the alternator is 50 cycles per sec., what additional 
inductance should be added to the low-tension circuit to pro- 
duce resonance? (C. & G\, 1, 1933.) 

10. In a spark transmitter, what is the effect on the emitted 
waves of increasing the coupling between the primary circuit 
and the aerial? What is the difference in this respect between 
a quenched spark and an unquenched spark transmitter? 

(C. G\, 1, 1933.) 

11. A synchronous spark transmitter has a primary con- 

denser of 01 microfarad capacitance and is charged from a 
transformer delivering 10 000 volts r.m.s. at 500 cycles per sec. 
If the charging circuit is tuned to resonance and one spark 
occurs every half cycle, what is the input power of the trans- 
mitter? ( I.h'.E ., May, 1933.) 

12. The primary circuit of a spark transmitter consists of an 

inductance of 1 /ill. and a condenser of 0 025 /iF. If the con- 
denser is charged to 20 000 V. peak value when the spark 
occurs, what will be the maximum instantaneous value of 
current which flows through the inductance, neglecting any 
losses in the circuit? What will be the frequency of the oscilla- 
tion? (G\ 6c G., Prelim ., 1934.) 

13. Describe with a diagram the construction and working 

of a J kW. spark transmitter suitable for marine use. What 
are the advantages of spark sets over I.C.W. sets for marine 
emergency purposes? (C. 6c G., Prelim ., 1934.) 

14. In a spark transmitter the closed circuit condenser has 
a capacitance of 0*16 microfarad. The high tension power 
transformer has a step-up ratio of 1 to 30. What inductance 
will be required in the primary circuit for low frequency 
tuning, if the frequency of the supply is 200 cycles per second ? 

(C. 6c G., Prelim ., 1937.) 
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11. HIGH FREQUENCY ALTERNATORS 

EXAMPLES 11 

1. Describe the construction of one type of high frequency 
alternator, and state the advantages and disadvantages of 
this as compared with a valve transmitter. 

(C. & G., Final 1928.) 

2. Describe, with sketches, the construction and principle 
of operation of an alternator suitable for the generation of 
currents of 500 periods per sec. What factors determine the 
frequency generated by such a machine? (C. & G., 1, 1931.) 

3. Describe with sketches any type of radio frequency alter- 
nator in use at the present time. How is the frequency main- 
tained constant? .What is the degree of constancy attained 
in practice? What are the approximate upper limits of 
frequency of such machines and what imposes this limit? 
What are the advantages and disadvantages of alternators 
as compared with valve transmitters? 

(C. tfc G. y Final 1931.) 

4. Describe with sketches (a) a rotating armature type 

alternator, ( b ) an inductor type alternator, suitable for a 
frequency of 500 cycles per sec. If the shaft of the machine 
rotates at 3 000 r.p.m., how many poles are necessary in each 
machine? ( C . & G ., Pr.elim.y 1934.) 

5. Describe, with a diagram, the construction of one type 
o£- high frequency alternator used for radio transmission. 
What methods of keying are adopted with such machines ? 

(C. & G.y Inter. y 1935.) 


12. RECTIFICATION 

References. Wirelessy by Turner; Radio Frequency Meas- 
urements, by Moullin ; Telegraphy and Telephony , by Mallett. 

If a rectifier has a characteristic of the form i = f(v) and 
if E is the r.m.s. value of the applied p.d., then the rectified 
current is given to a first approximation by 
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EXAMPLES 12 

1. Two oscillating e.m.f.’s, a sin pi and b sin qi , are applied 
to the grid of a rectifier valve with a curved characteristic. 
Deduce an expression for the rectified output. 

( I.E.E . , Oct., 1926.) 

2. What is meant by rectification? Give instances of its 
use in transmitting circuits and in receiving circuits. 

(C. <fc G., 1, 1927.) 

3. The relation between the current I through any rectifying 

device and the p.d. V between its terminals is given by the 
equation I = aV -f bV 2 

Show that if an alternating voltage of any wave form and 
r.m.s. value E is applied to the rectifier, then a steady current 
J will flow of value J = bE 8 . ( I.E.E. , Nov., 1929.) 

4. What is the action of a crystal detector when used on a 

receiving set? Draw a typical characteristic curve of a 
crystal. Why is a polarizing potential sometimes necessary 
with a crystal detector? Give a diagram showing how such a 
potential is applied. (C. G ., 1, 1930.) 

6. The relation between grid current and grid potential of 
a certain valve may be represented by a cubic equation. 
Derive a formula for the rectified current which would be por- 
duced by the application of a small alternating voltage between 
grid and filament. ( I.E.E ., May , 1930.) 

6. A rectifier with a parabolic characteristic has applied to 
it a high frequency p.d. which is modulated simultaneously 
with two frequencies and f t . Show that the rectified current 
contains terms of frequency f l9 /„ 2 f 19 2 f 2 , (f t -f / 2 ), and 
(fi - /*)• Show also that the relative strength of these spurious 
tones depends on the depth of modulation. 

(I.E.E., May , 1931.) 

7. What are meant by damped waves, continuous waves, 

and interrupted continuous waves? Why is a detector neces- 
sary in order to obtain audible indication in a telephone of 
high frequency oscillations? Is a simple detector sufficient in 
order to obtain audible indications of continuous waves? If 
not, state what additional apparatus is necessary and the 
reasons for its use. ( C . & G ., 1, 1932.) 

8. Explain the action of a crystal detector. Why is high 
frequency amplification, before detection, of particular advan- 
tage in the reception of weak signals ? 

( C . & G., Prelim ., 1930.) 
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13. VALVES AND THEIR 
CHARACTERISTICS 

Valve Constants 

Fig. 6 represents portions of the mutual characteristics 
of a three-electrode valve for two anode voltages V and v. 


Anode Current 
Mini a mp eres. 



The anode a.c. resistance p — (V - v)/BC kilohms 
The mutual conductance g — BC/AB mA. per volt 
The amplification factor p = (V - v)/AB 
It follows that p — gp 

Deriving a Mutual Characteristic from an Anode 
Characteristic 

Let OA , Fig. 7, represent the anode current-anode voltage 
characteristic for a fixed grid voltage v. The same curve 
may be made to represent the anode current-grid voltage 
curve for a fixed anode voltage V if the amplification factor 
p is known and is assumed to be constant. 

Let the value V on the anode voltage scale be marked v 
to form one point on a new scale of grid voltage. The 
remainder of the latter scale may be completed by letting 
one unit along the axis represent \j p oi that represented 
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on the anode voltage scale, numbers on the right being made 
more positive and those to the left more negative. 



Fig. 7 


If the curve OA had been drawn originally for zero grid 
volts, then a vertical erected at V, as shown dotted, would 
represent the zero ordinate on the required mutual charac- 
teristic. 

Voltage Amplification 

The voltage amplification given across a non-inductive 
resistance R in the anode circuit of a valve is 

/ i[R/(R + p )] 

EXAMPLES 13 

1. Explain the difference between the static and dynamic 
characteristics of a triode valve in the case of (a) a resistance 
load in the anode circuit, and (b) a reactive load. 

(I.E.E., Oct., 1926.) 

2. Explain carefully how the characteristic curves of a 

three-electrode thermionic valve can be obtained experi- 
mentally, and show how to derive from the curves the con- 
stants used in calculating the behaviour of the valve in various 
circuits. (£.{/., 1926.) 
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3. Draw, giving approximate scales, a family of character- 
istic curves of a small three-electrode valve. Show how, from 
the curves, to find the values of two constants of the valve 
which will enable an estimate of its amplifying properties to 
be made. Derive an expression for the voltage amplification 
given across a non-inductive resistance in the anode circuit. 

(C. G ., Final , 1927.) 

4. Draw typical characteristic curves for a three-electrode 
valve as follows — 

(a) Grid voltage, anode current curves with constant 
filament current and various anode potentials. 

{b) Grid voltage, grid current curve with constant fila- 
ment current and constant anode potential. 

( c ) Grid voltage, anode current curves with different 
filament currents but constant anode potential. 

(C. G., 1, 1930.) 

5. Describe the action of a three-electrode thermionic 

valve. How is it used (a) as an amplifier, ( b ) as a detector? 
What is meant by amplification factor, a.c. impedance, and 
mutual conductance? (C. c & G., 1, 1931.) 

6. Explain why the anode current of a thermionic valve may 

be limited by the filament current and also by the presence of 
a space charge. How would you measure the amplification 
factor of a small receiving valve and of a high-power high- 
voltage transmitting valve? ( I.E.E. , May, 1931.) 

7. Describe, with sketches, the construction and mounting 

of a copper anode power valve for use in a transmitting 
station. {I.E.E., Nov., 1931.) 


8. The relation between anode current and anode potential 
of a triode valve, in which the grid potential was zero, is given 
in the following table — 


Anode potential, in V . . 

.| 50 

| 100 

! 150 

200 

| 250 

| 300 | 

350 

Anode current, in mA. 

•i 

3-5 

1 1 

9*3 

10*1 

| 10-2 j 

10-2 

The amplification 

factor of the 

valve 

was 

70. 

Derive 

the 


characteristic relating anode current and grid potential for 
a constant anode potential of 150 V. 

(I.E.E., Nov., 1931, and Nov., 1932.) 

9. The following readings were taken on a three-electrode 
valve. Plot the characteristic grid voltage anode current 
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curves \ and determine the internal impedance at zero grid 
voltage, the amplification factor, and mutual conductance. 


Grid voltage 

1 0 

1 -2 

1- 

1-6 

l ~ 8 

- 13 

- 14 

| - 16 

| - 18 

Anode current in mA. i 
(A) with ISO V. H.T. . 

15 1 

1 

13 

'u 


7 

3 1 

.,i 

0-7 

' 0*2 

( B ) with 100 V. H.T. . | 

10 | 

8 

6 I 

‘ 1 

2 

0-4 | 

•i i 

— 

— 


(C. G., 1, 1932.) 

10. Describe the purpose and advantages of a screen-grid 

valve and of a pentode. Describe the physical principles of 
the action of the first, and sketch a common arrangement for 
the electrodes. ( I.E.E ., May , 1932.) 

11. What materials are used for the cathodes of small 

thermionic valves? Describe the formation of a space charge 
and explain why this modifies the distribution of electric 
field between the electrodes. Explain what is meant by second- 
ary emission from an anode, and show how this may be 
produced. ( I.E.E . , May , 1932.) 

12. In a certain triode it was found that a current of 5 mA. 
was obtained when the anode and grid potentials had the 
following values — 


■ ■ 

500 

310 i 

139 

86 

;>8 

35 | 

10 

V, ■ ■ 

- 32 | 

- 12-5 | 

3-5 | 

9-5 

j 13*5 | 

16-5 

26 


Plot the curve relating V 0 and V g for this anode current, and 
deduce the amplification factor of the valve. Discuss why this 
factor becomes smaller when the grid is very positive. 

( I.E.E., May , 1932.) 

13. Describe, with a diagram, the method that you would 

adopt and the apparatus that you would use to determine 
the grid voltage anode current characteristic curves of a three- 
electrode valve. (C. G. f 1, 1933.) 

14. Describe with characteristic curves the action of a 

screen grid valve 'when used as a high frequency amplifier. 
What advantages, if any, does this valve possess over a three- 
electrode valve? ( LE.E , , May , 1933.) 

15. What is a pentode? Describe the action of a pentode 

and the functions of the various electrodes when used as an 
audio frequency amplifier. (I.E.E,, May , 1933.) 

16. What factors determine the electron emission from the 
filament of a thermionic valve ? What materials are normally 
used for the filaments of present-day valves? 

(I.E.E. , Nov., 1933.). 
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17. Draw typical examples of the following characteristic 
curves — 

( a ) The anode voltage anode current curves of a diode 

for different filament currents. 

(b) The anode current grid voltage curves of a triode for 

different values of anode voltage. ( C.&G ., Prelim., 1934.) 

18. What is a pentode? Explain the functions performed 
by the various electrodes. Give a typical anode current grid 
voltage characteristic for a pentode. 

(C. & G., Inter., 1934.) 

19. Draw in section a cooled anode three-electrode trans- 

mitting valve and explain how the connection between the 
metal anode and the glass portion is effected. What materials 
are used for the 'anodes of such valves and what fluids are 
used for cooling? {C. G., Inter., 1934.) 

20. Write a short account of the use of various forms of 
diode in modern wireless circuits. {I.E.E., Nov., 1934.) 

21. The following values of anode current were obtained 
with a triode — 


Anode voltage 

25 

50 

75 

100 

Volts 

Anode current with grid 
voltage = 0 

0*4 

2-8 

6 

8-5 

rn A . 

Anode current with grid 
voltage = - 4-2 

0 

0-6 

30 

6-7 

mA. 

Anode current with grid 
voltage — - 8-3 

0 

o 

10 

2-9 

mA. 


Plot the anode current-anode voltage characteristic curves. 
If a battery of 150 volts and a resistance of 15 000 ohms are 
connected in series with the anode and cathode, what will be 
the anode current at the above three values of grid voltage? 

(C. & G., Prelim., 1935.) 

22. What is a screened grid valve? Describe the functions 
of the various electrodes. Draw a typical anode current-anode 
voltage characteristic curve for a screened grid valve and 
comment on the shape. What is a variable “mu" valve and 
how does it differ in construction and performance from the 
normal type? ( C . & G., Inter., 1935.) 
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23. The mains supply to two valves is at 400 volts. Between 
the mains and the anode of the first valve is a resistance of 
10 000 ohms, and between the anode of the first valve and 
the anode of the second valve is a resistance of 5 000 ohms. 
The first valve takes a current of 12mA. and the second a 
current of 10 mA. Find the effective resistance of each valve. 

(I.E.E., May , 1935.) 

24. Write an account of the development and uses of multi- 
electrode valves. ( I.E.E . , May , 1935.) 

25. A three-electrode valve has the following static char- 
acteristics — 


Grid voltage 

+ 2-5 

0 

1 - 2-5 

- 5 

- 7-5 

- 10 

Anode current in mA., 
with 120 volts h.t. . 

7 

6-35 

5-4 

4-45 

■ 

3-5 

255 

Anode current in mA., 
with 80 volts h.t. 

4-75 

3-8 

2-85 

1*9 

1 

0-5 


Plot the characteristic grid voltage-anode current curves, and 
determine the internal impedance at zero grid voltage, the 
amplification factor and the mutual conductance. 
j ( C . G., Prelim ., 1936.) 

26. A triode valve has a characteristic given by I v = 

0 0Q2(E V -f 10 E g ) 2 > where I p is in mA. and E v and E g are in 
volts. Plot the characteristic curves for an anode voltage of 
160, between values of E g of + 4 and — 16. What is the 
mutual conductance of the valve at zero grid potential with 
the above anode voltage? ( C . G. t Prelim. , 1937.) 

27. A high-mu triode valve has the following characteristics 
(sec table, page 41). Plot the characteristics, with the anode 
voltages as abscissa* and the anode currents as ordinates for 
the given values of grid potentials. If an external resistance 
is inserted in the anode circuit, what will be the anode 
currents with an anode voltage of 250 volts and grid voltages 
of — 2-0, — 1-5, — 10, — 0*5 and 0 when the external resist- 
ance is (a) 100 000 ohms, ( b ) 600 000 ohms? 

(C. G., Inter ., 1937.) 
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Anode 

Voltage 

Anode Current in mA 

. at Following Grid Potentials 


- 30 

- 2-5 

- 2-0 

- 1-5 

- 10 

i 

- 0-5 

0 

60 

0 

0 ‘ 

0 

0 

0*08 

0*4 

0-9 

80 

0 

0 

0 

0-01 

019 

0-59 

1*16 

100 

0 

0 

0 

006 

0-30 

0-79 

1*45 

120 

0 

0 

0 

012 

0-49 

102 

1-76 

140 

0 

0 

0*03 

0*24 

0-68 

1-28 

— 

160 

0 

0 

0-10 

0-40 

0*92 

1*52 

— 

180 

0 

003 

0-18 

0-58 

116 

— 

— 

200 

0 

008 

0-30 

0-80 

1*41 

— 

— 

220 

002 

„ 0*14 

0-48 

103 

— 

— 

— 

240 

005 

0-24 

0-68 

1-30 

— 

— 

— 


28. What is the meaning and significance of the mutual 
conductance of a three-electrode thermionic valve? If the 
valve has an amplification factor of 30 and an impedance of 
20 000 ohms, what is its mutual conductance? 

(C. & G ., 1, 1940.) 

29. The anode resistance of a triode is 1 000 ohms and its 
amplification factor is 6 ; a resistance of 1 200 ohms is con- 
nected in its anode circuit. Determine the value of the a.c. 
voltage to be applied in the grid circuit in order to ensure an 
a.c. power supply of 3 watts to the load resistance. 

(I.E.E., Nov., 1940.) 

14. THE VALVE AS RECTIFIER 

References. Wireless , by Turner; Radio Engitieering, by 
Terman; Modern Radio Communication , by Reyner (Pitman); 
Thermion ic Valves in Modern Radio Receivers, by Witts (Pitman . 

Grid Rectification 

The output voltage across the anode resistance R is 

E* EH R ° 

2 de* 1 -f- R g {dijde) R p 

where E is the r.m.s. signal voltage, e and i the instantaneous 
grid voltage and grid current respectively, R 9 the grid leak, 
a the amplification factor, and p the anode a.c. resistance. 
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If r is the effective resistance of the valve and leak in 
parallel and C the capacitance of the grid condenser, then 
the p.d. V applied to the grid is 

F r 

’ V[r 2 + 1 /co 2 C 2 ] 


Anode Rectification 

The output voltage across the anode resistance R , if the 
signal voltage E is applied in the grid circuit is 

E 2 d'H R 

2 * de g 2 ’ 1 + R(di/de g ) 

where i is the instantaneous anode current and e g and e a the 
instantaneous grid and anode voltages respectively. 

If the signal voltage E is applied in the anode circuit, 
the output signal becomes 

^E 2 d 2 i R 

2 * de 2 ’ 1 + R(di/de a ) 

The rectified current, ignoring the anode resistance, is 

rE 2 dH 
2 ’ de } 

If the mutual characteristic is a parabola, 
i = a (b + e 0 ) 2 

and I = (E 2 /2) . 2a = aE 2 

EXAMPLES 14 

1. Draw diagrams showing two arrangements for using a 

three-electrode thermionic valve as a dectector for wireless 
signals. Explain the action of each. (Z. U., 1925.) 

2. Describe the anode bend and grid leak methods of rectifi- 
cation, and discuss their relative merits with weak and strong 
signals as regards rectified current strength and selectivity. 

(C. & (?., Final , 1926.) 

3. Explain in detail the actions taking place when a three- 

electrode valve is used as a detector employing grid rectifica- 
tion; (7.E.E., OcU % 1927.) 



PROBLEMS IN RADIO ENGINEERING 


43 


4. Explain the action of a thermionic three-electrode valve 
as a rectifier for receiving purposes. Give typical character- 
istic curves of grid and anode current for such a valve. 

(C. <fc G., 1, 1928.) 

5. In a valve receiver it is observed that when signals are 
being received the anode current of the detector valve decreases. 
In another receiver the anode current of the detector valve 
increases when signals are received. Explain the reasons for 
this difference if neither detector uses a grid leak. 

( C . G., 1, 1929.) 

0. Explain how the signal current varies with the incoming 
voltage when the anode-bend rectifying valve has square law 
characteristics. In what manner does the relation obtained 
affect the design of a wireless receiving apparatus? 

(L.U., 1929.) 

7. A small receiving valve is being used as a cumulative grid 
rectifier. Why will a small positive bias for the grid usually 
be required if the valve has a dull filament, and usually not 
be required if it has a bright filament? To what fundamental 
cause do you ascribe this difference? ( I.E.E. , Nov., 1929.) 

8. A voltage at 100 kc. per sec. is applied to a cumulative 
grid rectifier in which the effective resistance of valve and leak 
in parallel is 01 megohm. Find what the capacitance of the 
condenser must be in order that the p.d. applied to the grid 
shall be 90 per cent of the applied voltage. 

( I.E.E. , May , 1931.) 

9. A valve rectifier which functions by curvature of the 

anode-current/grid-potential characteristic has in the anode 
circuit a resistance R which is shunted by a large capacitance. 
A small sinoidal voltage is applied between grid and filament. 
Derive an expression for the steady change of voltage across 
the resistance R . The relation between anode current and grid 
potential Is parabolic. (I.E.E,, May, 1931.) 

10. The relation between anode current and grid potential 
of a certain valve, in which the anode was maintained at a 
potential of 80 V., is given in the following table — 


iyv.). 

10 

8 

' 6 * 


2 

0 

- 2 

-4 

-0 

-8 

- 10 

-12 

t (raA.) 

5-63 

4-88 

413 

338 

2-63 

1-88 

1-2 ! 

0-6 

0-22 

0-02 

0 

0 


A sinoidal voltage of r.tn.s. value 8-5 V. is applied between the 
grid and a point whose potential is 2 V. negative to the filament. 
Plot the curve of anode current during a whole cycle of applied 
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voltage, and calculate the mean rectified current by finding the 
areas of the positive and negative half-cycles of current. 

( l.E.E. , Nov., 1931.) 

11. Describe the two usual methods of using a three-electrode 

valve for the rectification of wireless signals, and discuss their 
relative advantages. (L. U., 1932.) 

12. Explain the action of an anode-bend valve rectifier. If 
the static characteristic of the valve follows a square law, and 
the anode current is 8 0 mA. with zero grid volts and 2-0 mA. 
with - 5 grid volts, what rectified current will be obtained with 
an alternating grid potential of 1*5 volts (r.m.s.)? 

(L.U., 1933.) 

13. Describe three methods in which a thermionic valve can 

be used for detection. Explain the fiction of the valve in each 
case. (C. G ., Prelim ., 1934.) 

14. Explain how a three-electrode valve having a square- 
law characteristic is used in the reception of wireless signals. 
If the anode current at a certain anode voltage is given in 
milliamperes by the expression I a — 01 (0 -j- T 0 ) 2 , find the 
rectified current given by a signal which establishes across 
grid and filament a potential difference of 2 volts r.m.s. 

(l.E.E. , Nov., 1934.) 

15. Explain the use of diodes and three-electrode valves in 
rectification. Give reasons for the employment of a diode for 
rectification in modern broadcast receiving sets. 

( l.E.E. , May, 1935.) 


15. THE VALVE AS AMPLIFIER 

References. Wireless, by Turner; Admiralty Handbook of 
Wireless Telegraphy, Telegraphy and Telephony, by Mallett; 
Radio Engineering, by Tertnan; Principles of Radio Engineer- 
ing, by Glasgow; Thermionic Valves in Modern Radio Receivers, 
by Witts. 

Voltage Amplification 

General. The voltage amplification factor m is given by 

m = MZ/ (P + Z)] 

where pt and p are the amplification factor and the a.c. 
resistance of the valve respectively, and Z is the impedance 
in the anode circuit expressed as a vector. This equation 
is a vector equation. 
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(a) Resistance coupling. 

m = /u . [R/(p + #)] 

If the resistance R is shunted by a capacitance C , 

R 

m ~ ^ Vl(p + W + w 2 cv« 2 ] 


(6) Choke coupling. 

ojL 

m = ,x vV + «*"/>) 

If the choke has a resistance i?, 


m 


y[(« 


.ft 2 + g>»£» ~ 

+ P) 2 + w 2 L 2 _ 


fc) Timed, anode. At resonance, 

= m 

1 + pCR/L 


At frequency co, if R << 

m ~ Vj[l + JGR/Lf + [(pKCH^K- coo/w)] 2 ] 

juL 

~ V\[i~+ pcft] 8 V[pC(a>L - Tluicjf} 

, pL 

= v][^TpC^F+lpWw 0 2 - iHl 2 ] 

where co 0 is the resonant pulsatanoe. 

(d) Transformer coupling. Assuming an ideal transformer 
with unity coupling factor and the secondary load a pure 
non-inductive resistance R, 

m = p[RT/(R + pT 2 )] 

where T is the step-up ratio of the transformer. 

This has a maximum value m = juT/2 when 

T = V(R/ P ) 
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If the secondary load is assumed to be infinite 
gy(B» + aM») 

^ Vt(B + P ) 2 + «W] 

where R and L are the resistance and inductance respectively 
of the primary. 

In a radio frequency amplifier with infinite secondary 
impedance 

_ cok^iL^l^) _ coM 

m - f * Vip 2 + " ** Vt? + 

where k is the coupling factor and L x and L 2 are the induct- 
ances of the primary and secondary respectively and M 
their mutual inductance. 

Power Amplification 

For maximum power output the load resistance R in the 
anode circuit is given by R — p, where p is the anode a.c. 
resistance of the valve. 

If the load resistance R is coupled to the anode circuit 
by a transformer, then for maximum output 

R = p/T 2 

where T is the ratio of the primary to the secondary turns 
or T — V(p/R) 

The turns ratio of an output transformer is given 
approximately by T = y/(R 0 IZ 8 ) 

where Z s — impedance of speech coil at 400 c/s 
R o = optimum load of the output valve. 

For triodes, R 0 usually lies between 2 p and 3 p. 

For pentodes, R 0 usually lies between p/4 and p/10. 

With two output valves in parallel, 

optimum load = RJ 2. 

With two output valves in push-pull. 

optimum load = 2 R 0 . 
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Negative Feed-back 

If A = voltage amplification factor of amplifier, 

/? — fraction of output voltage fed back in series 
opposition with input, 

Resultant amplification = ^4/(1 + ftA) 

= 1//? if /L4>1. 

The Decibel 

If one power P x exceeds another power P 2 by D decibels, 
then D — 10 log (PJP 2 ) 

Similarly, the relationship between two voltages or two 
currents may be expressed in decibels if these quantities 
operate in equal impedances. Thus, 

D = 20 log (VJV 2 ) 

D = 20 log (1JI 2 ). 

The Cathode Follower 

If the valve has constants /i, p, g and the cathode resist- 
*ance is li, the voltage amplification factor of the stage is 

m = pi {/i + I + (p/K)} 

The output impedance 

__ m 
g 

The a.c. resistance to h.t. fluctuations is 
R a — p P R (fi 1) 


EXAMPLES 15 

1. A triode, employed as a cathode follower, has an ampli- 
fication factor of 40 and a mutual conductance of 4 mA. per 
volt; the cathode resistance is 10 kilohms. Calculate (a) the 
voltage amplification of the stage ; ( b ) the output impedance ; 
(c) the anode a.c. impedance of the stage to voltage fluctuations 
between anode and h.t. negative. 

2. What is meant by the tuned anode method of high' 
frequency amplification? If the coil has an inductance of 
400 microhenries and resistance 10 ohms, the condenser a 
capacitance of 500 micromicrofarads and resistance 1 ohm, 
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what at resonance will be the voltage available from a signal 
voltage of 01 between the grid and filament of the valve, if 
the latter has an amplification factor of 12 and an internal 
resistance of 30 000 ohms? (C. & G., Final , 1926.) 

3. The slope of the anode -current grid-potential curve of a 

three-electrode valve is 1 -05 milliamperes per volt, and the 
slope of the anode-current anode-potential curve is 0-40 
milliampere per volt. What voltage amplification will the 
valve give across an anode resistance ' of 15 000 ohms? Prove 
any formula used. ( I.E.E . , Oct., 1927.) 

4. A valve amplifier consists of a valve having an internal 
anode circuit impedance of 30 000 ohms and an amplification 
factor of 25. An external impedance is placed in the anode 
circuit. What is the amplification obtainable with this arrange- 
ment if this impedance consists of — 

(1) A resistance of 30 000 ohms. 

(2) A coil of 5 millihenries and 25 ohms resistance shunted 

by a condenser of 0*001 microfarad, the amplifier in this 

case being operated at the resonant frequency of this 

circuit? (C. & G., Final , 1929.) 

n/ 5. A valve having an amplification factor of 7 and an anode, 
slope resistance of 7 000 ohms is to be used as a low frequency 
amplifier. The anode circuit transformer has a transformation 
ratio of 3, and its low resistance winding has an inductance of 
10 henries. Calculate the magnification for voltages of fre- 
quency 100 and 400 cycles per sec. ( I.E.E. , A 7 ov., 1929.) 

6. Explain how valves may be used to amplify high 
frequency voltages, paying particular attention to the various 
methods that are available for avoiding reaction. 

(L.U., 1930.) 

7. Explain and describe some neutralizing methods of 
producing stability in valve amplifiers. ( I.E.E May , 1930.) 

8. A triode valve has an internal resistance of 20 000 ohms 

and an amplification factor of 14. A non-inductive resistance 
of 50.000 ohms is connected between anode and filament. 
Calculate the p.d. across this resistance when a p.d. of 1 volt 
is applied between grid and filament. Explain and justify 
all the steps of your calculation. (I.E.E., May , 1930.) 

9. A gramophone pick-up gives 0 5 volt. Give an outline 

design of an amplifying circuit suitable for delivering 10 watts 
to a loud-speaker having an impedance of 1 000 ohms. Include 
details of the valves used. ( L.U . , 1931.) 

10. In a two-stage amplifier the first valve has an amplifica- 
tion factor of 20 with a plate impedance of 25 000 ohms and a 
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tuned anode circuit, inductance of 4 000 yB and resistance of 
100 ohms, tuned by a variable condenser. The second valve 
has an amplification factor of 6, a plate impedance of 10 000 
ohms, and an output impedance consisting of a choke of 
10 000 /ill. inductance. What will be the voltage amplification 
of the amplifier at a frequency of 100 kc.P 

( C . G., Final , 1931.)- 

11. What are the causes of instability in radio frequency 
amplifiers? How are these troubles overcome in practice? 
Give a circuit diagram of the radio frequency circuits of a 
receiver having two radio frequency amplifier stages. 

(C. & G., Final , 1931.) 

12. In any valve amplifier of very large magnification there 

is a background noise which originates within the apparatus. 
Describe some probable causes of the origin of this noise and 
any means of reducing it. ( I.E.E. , May , 1931.) 

13. A valve has an anode slope resistance of 20 000 ohms 
and an amplification factor of 10. There is a non-inductive 
resistance of 100 000 ohms, shunted by a capacitance of 
100 [i/iF. in the anode circuit. Calculate the magnification 
for voltages of frequency 100 kc. per sec. 

(I.E.E., May , 1931.) 

14. A valve has ah anode slope resistance of 30 000 ohms 
and an amplification factor of 16, and is to be used as a tuned- 
anode high frequency amplifier for a frequency of 100 kc. per 
sec. The coil in the anode circuit has an inductance of 2 mH. 
and a resistance of 10 ohms. Find the tuning capacitance with 
which this coil must be shunted and the magnification at 
100 kc. per sec. If the circuit is left unaltered, what would be 
the magnification at 200 kc. per sec.? (I.E.E . , May, 1931.) 

15. Estimate the improvement in transmission to be 
obtained from a two-valve, two-wire repeater having the 
following constants — 

Amplification factor of valve = 90 
Internal resistance of valve = 22 000 ohms 
Impedance of line = 85Q ohms 
Step-up ratio of input transformer = 30 

The transformers may be assumed to be ideal and properly 
designed. ( L.U . , 1932.) 

16. Explain the action of the three-el&ctrode valve when 
used as an amplifier. In a particular case, with a load resis- 
tance of 8 000 ohms the voltage amplification was 5-5 and with 
12 000 ohms it was 6*5. What amplification at a frequency 
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of 800 cycles per sec. would be expected, using a choke coil 
of 10 H. inductance? (L.U., 1932.) 

17. In an audio frequency amplifier the valve has an ampli- 
fication factor of 40 and an internal impedance of 40 000 ohms. 
It is coupled to a succeeding stage by a transformer of 1 to 
3-5 ratio having a primary inductance of 40 henries and a 
primary resistance of 500 ohms. The secondary load is of 
infinite impedance. What will be the amplification for fre- 
quencies of 40, 100, 1 000, and 10 000 cycles per sec. if the 
primary of the transformer resonates at 10 000 cycles? 

( C . cfc G., Final , 1932.) 

18. Describe the construction of an iron-cored transformer 

suitable for use in an audio frequency amplifier. The output 
valve in a receiver is coupled to a loud-speaker through a 
transformer. The impedance of the loud-speaker is 15 ohms, 
and it is desired that the primary winding of the transformer 
should present a load of 7 500 ohms to the valve. What should 
be the winding ratio of the transformer ? ( C . cfe G., 1, 1932.) 

19. Discuss the advantage of a “push-pull” arrangement of 
valves in an amplifier, and draw a circuit diagram of a simple 
broadcasting receiver in which such an amplifier is used. 

( I.E.E . , May , 1932.) 

20. The relation between anode current and grid potential 
for a certain triode in which the anode was fed through a 
non-inductive resistance of 100 000 ohms is given in the 
following table — 


Grid potential, V. 

- 12 

- 10 

-8 

-6 

-4 

-2 

0 

2 

4 

6 

8 

Anode current, 
mA. 

005 

0*105 

0*2 

0*3 

0*5 

0*75 

10 

1*25 

1*45 

1*52 

1*55 


If the grid has a negative bias of 4 volts, find the amplification 
for an applied p.d. of 0*25 volt (r.m.s.), and plot the complete 
cycles of anode current which will result from an applied p.d. 
of 5-7 volts (r.m.s.). ( I.E.E . , May , 1932.) 

21. A valve has an anode £ope resistance of 20 000 ohms 
and an amplification factor of 16. It is used as a low frequency 
amplifier and the anode impedance i9 an inductance of 2 
henries. Calculate the magnification when the input voltage 
has a frequency of 4 kilocycles per sec. ( I.E.E . , Nov., 1932.) 

22. What factors determine the condition for maximum 
power output from a valve amplifier working at a given 
frequency? The tuned anode circuit of a three-electrode 
valve used as an amplifier consists of a coil having an induc- 
tance of 100 microhenries and a resistance of 8 ohms in parallel 
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with a condenser of capacity 0 001 microfarad. If the plate 
of the valve is connected to the electrical mid-point of 
the coil, determine the internal resistance of the valve for 
maximum power output. Assume that the anode current is 
small compared with the oscillatory current. ( L.U ., 1933.) 

23. Describe, with circuit diagrams, the principles of action 

of choke-coupled, transformer-coupled, and resistance -coupled 
audio frequency amplifiers. Bow do the characteristics of 
each type vary with frequency? (C. G ., 1, 1933.) 

24. The intermediate frequency amplifier of a superhetero- 

dyne receiver consists of three stages with tuned anode 
coupling adjusted to a mid-band frequency of 100 kilocycles 
per sec. Each valve has an amplification factor of 100 and an 
internal impedance of 100 000 ohms. The anode circuit in- 
ductance is 5 millihenries with a resistance of 30 ohms. What 
is the gain of the amplifier in decibels between the grid circuit 
of the first valve and the anode circuit of the third valve at a 
frequency (a) of 100 kilocycles per sec., and ( b ) of 90 kilo- 
cycles per sec.? ( I.E.E. , May , 1933.) 

25. Discuss the various methods used to ensure stability 

in high frequency amplifiers, (a) in receiving sets, and (ft) 
in short-wave transmitters. ( I.E.E. , May, 1933.) 

26. A valve has an a.c. resistance of 25 000 ohms and an 
amplification factor of 20. In the anode circuit is connected 
a tuned circuit consisting of a coil of 10 millihenries inductance 
and 200 ohms resistance in parallel with a condenser of 0 001 
microfarad. What will be the voltage amplification of the 
combination (a) at the resonant frequency of the anode circuit, 
and ( b ) at 0*9 of the resonant frequency? 

(I.E.E., Nov., 1933.) 

27. Why is a high frequency amplifier consisting of a triode 
with tuned-grid and tuned-anode circuits liable to be unstable ? 
How can such an amplifier be stabilized? 

(I.E.E., Nov., 1933.) 

28. Explain the neutrodyne principle, and show how it can 
be applied to prevent a valve amplifier from generating local 
oscillations as a result of interelectrode capacity. Draw a 
diagram of connections for a push-pull neutrodyne amplifier. 

( L.U. , 1934.) 

29. Explain precisely the meaning of the symbols in the 
expression 

py. 

Z 


I. 
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in connection with a valve amplifier, and establish the relation- 
ship, stating the assumptions made. (I.E.E., Nov., 1934.) 

30. Describe the push-pull method of amplification, and 

enumerate and explain its advantages over the single valve 
method. {I.E.E., May, 1935.) 

31. The voltage amplification given by a three-electrode 

valve is 3*65 when the load resistance is 15 000 ohms and 5*10 
when the load resistance is 30 000 ohms. Find the amplifica- 
tion factor and internal resistance of the valve, proving any 
formula used. (I.E.E., May, 1935.) 

32. Explain carefully what are meant by the amplification 
factor and the internal resistance of a valve. Show that an 
equivalent circuit of a valve may be formed consisting of an 
e.m.f. equal to the grid voltage multiplied by the amplification 
factor, in series with the internal resistance and the load 
impedance of the valve. State the conditions which must be 
fulfilled for this circuit to be used. (I.E.E., Nov., 1935.) 

33. Describe the method of amplification known as quiescent 
push-pull, explaining its advantages and disadvantages. 

(I.E.E., Nov., 1935.) 

34. A three-electrode thermionic valve is to be used <as a 

high-frequency amplifier, employing a tuned anode impedance 
consisting of a condenser and an inductance in parallel. Show 
how the voltage amplification obtainable at a given frequency 
depends upon the characteristics of the valve and of the 
external circuit. A certain three-electrode valve used as an 
amplifier has a mutual conductance of 1 mA. per volt and an 
a.c. resistance of 20 000 ohms. The external anode circuit 
impedance, which is tuned to a frequency of 1 megacycle per 
sec. consists of a coil with an inductance of 0*2 mil. and a 
resistance of 5 ohms, in parallel with a condenser having an 
insulation resistance of 1 megohm. If a sine wave alternating 
e.m.f. of 1*5 volts is impressed on the grid, calculate the 
magnitude of the alternating p.d. developed across the anode 
impedance. (L.U., 1935.) 

35. Give a diagram of a low frequency transformer- coupled 
amplifier. What tends to limit the amplification of such an 
amplifier (a) at low frequencies, and (6) at high frequencies? 

(C. G ., Prelim., 1930.) 

38. Describe the action of the three-electrode valve amplifier. 
If the voltage amplification obtained with load resistances of 
16 000 and 25 000 ohms is 6*5 and 8 0 respectively, what 
amplification will be obtained with a load resistance of 50 000 
ohms? Assume linear characteristics. {I.E.E., May, 1930.) 

37. Describe the action of the th ree- electrode valve amplifier. 
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A valve has an anode slope resistance of 20 000 ohms and an 
amplification factor of 16. It is used as a low frequency 
amplifier with an anode load of 2 henries inductance and 
negligible resistance. Calculate the magnification when the 
input voltage has a frequency of 4 kc. per sec. 

{I.E.E., Nov., 1930.) 

38. Define (a) the decibel, ( b ) the neper. A low frequency 

amplifier has a gain of 56 decibels. The input cirouit is of 
600 ohms resistive impedance and the output is arranged for 
a load of 10 ohms. What will be the current in the load when 
an alternating potential of 1 volt is applied at the input? A 
transmission line has an equivalent of 7 decibels ; what is the 
equivalent of this in nepers? ( C . & G ., Inter., 1937.) 

39. In an audio-frequency amplifier the valve has an internal 

impedance of 30 000 ohms and an amplification factor of 40. 
It is coupled to the succeeding stage by a transformer having a 
ratio of 1 to 3 and a primary inductance of 30 henries. The 
secondary load is a resistance of 500 000 ohms. Neglecting the 
internal capacitances of the valve and the self- capacitance, 
resistance, and leakage of the transformer, what will be the 
amplification for frequencies of 100 and 10 000 cycles per 
second? (C. & G ., Final , 1937.) 

40. Calculate the current and the voltage-drop in a 600-ohm 
resistance in which the power dissipated is (a) 5 decibels above, 
and (6) 10 decibels below, 1 mW. Compute the ratios of 
voltages and currents when equal powers are dissipated in 
600-ohm and 1 200-ohm resistances. ( I.E.E . , Nov., 1937.) 

41. A low frequency amplifier *lias a gain of 40 decibels. 

The impedance of the input circuit is 600 ohms (resistive) and 
the output is arranged for a load of 20 ohms. What will be 
the current in the load when an alternating potential of 1 volt 
is applied at the input? {I.E.E. , Nov., 1938.) 

42. Two valves, one with a voltage amplification factor of 

40 and the other 20, have an anode a.c. resistance of 100 000 
and 20 000 olims respectively. Which valve will give the 
greater voltage amplification with a resistance of 50 000 ohms 
in its anode circuit? {I.E.E., May, 1938.) 

43. A three-electrode valve obeys the following equation over 

its working range: I a = 012F a -f 0-90 V Q — 3-1 where I fl 
is the anode current in mA., and V a and V g are the anode and 
grid potentials, respectively, in volts. Calculate the amplifi- 
cation of potential when a resistance of 12 000 ohms is inserted 
in the anode circuit. {I.E.E., Nov., 1938.) 

44. Give a circuit diagram of a two-stage radio-frequency 
voltage amplifier. If 90 per cent of the oscillatory voltage 
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developed across the anode circuit of the first valve is applied 
across the grid circuit of the second valve, calculate the 
effective voltage amplification of the first stage from tho 
following data: Valve amplification factor = 30, a.c. re- 
sistance of valve — 10 000 ohms, effective output impedance 
= 45 000 ohms. ( C . G., 2, 1938.) 

45. What is meant by the load line of a power valve? A 
triode has the following anode characteristics — 


Grid Volts == 0 

Grid Volts 

= - 40 

Grid Volts 

, - - 80 

Anode 

Anode 

Anode 1 

Anode 

Anode 

Anode 

Volts 

Current 

! Volts 

Current 

Volts 

Current 

50 

12 

— 

— 





75 

25 

175 

10 

300 

7 

100 

43 

200 

23 

325 

17 

125 

65 

225 

38 

— 

— 


— 

250 

58 

350 

28 


If the grid bias is — 40, the anode voltage supply 350 volts and 
the external load 6 000 ohms, calculate the power output 
when the grid swing has an amplitude of 40 volts. 

(C. c Sc G ., 2, 1939.) 

46. A triode valve gives a voltage amplification of 25 

decibels at a frequency of 100 kc/s when the external anode- 
circuit impedance consists' of a resistance of 50 000 ohms 
shunted by a capacitance of 100 /i/iF. If the valve employed 
has an anode a.c. resistance of 14 000 ohms, calculate its 
mutual conductance. ( I.E.E . , Nov., 1939.) 

47. A certain pentode has the following characteristics 
when operated at a screen voltage of 400 V. — 


Anode Current (mA.) 


P.d. between control grid 
and cathode 

P.d. between anode and 
cathode (volts) 


200 

300 

400 

600 

— 8 volts 

100 

no 

115 

120 

- 10 „ 

51 

59 

63 

67 

-24 „ 

19 

21 

22 

23 
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Find the amplication factor, the anode impedance and the 
mutual conductance of the valve when the grid bias is — 16 V. 
and the anode voltage is 400 V. If the peak value of a sinoidal 
voltage applied to the grid is 8 volts, calculate the power output 
and the second harmonic distortion when the load resistance 
is 4 000 ohms. {L.U., 1939.) 

48. A triode has an amplification factor of 25 and an 

internal resistance (a.c.) of 18 000 ohms. In its anode circuit is 
a coil having an inductance of 250 //H. and a resistance of 
8 ohms tuned by a parallel condenser to a frequency of 500 
kc/s. Calculate the voltage amplification at (a) 500 kc/s, 
(b) 450 kc/s. (L.U., 1939.) 

49. Describe two methods of applying negative feed-back 

to an audio -frequency amplifier, and compare their ad- 
vantages. ( C . & G., 2, 1940.) 

50. A single-valve amplifier having an input transformer 

with a turns ratio of 1 to 5 and an output transformer whose 
ratio is arranged to match impedances and obtain maximum 
power gain, is inserted in a long line of which the characteristic 
impedance is 600 ohms. If the amplification factor of the valve 
is 12 and its a.c. resistance is 8 000 ohms, estimate the gain in 
decibels. ( I.E.E. , May , 1940.) 

51. A loud speaker having an effective resistance of 30 ohms 

is to be connected to the secondary of a transformer, the 
primary of which is in the anode circuit of a triode having an 
anode a.c. resistance of 850 ohms. Determine from first 
principles the most efficient ratio of transformation, assuming 
that the speaker has (a) negligible reactance, (6) reactance of 
25 ohms. Neglect the magnetizing current and the losses of 
the transformer. (L. U., 1940.) 

v/o2. What do you understand by a negative feed-back 
amplifier? For what purposes is this type of amplifier em- 
ployed, and what are its advantages? If the overall gain of a 
feed-back amplifier is 60 db., and the attenuation in the feed- 
back path is 61 db. what gain has the amplifier without the 
feed-back? (I.E.E., Nov., 1940.) 

53. hn a low-frequency amplifier, the input voltage is 
applied across a 600-ohm resistance in parallel with the 
grid and cathode of a triode : the latter has a voltage ampli- 
fication factor of 20 and an internal a.c. resistance of 12 000 
ohms. In the anode circuit is a 15/1 step-down output trans- 
former feeding a resistive load of 60 ohms. Calculate the 
overall gain of the amplifier in decibels. (I.E.E., May, 1941.) 

54. A triode of voltage amplification factor 30 and internal 
resistance 50 000 ohms is to be used as a tuned-anode amplifier 
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for speech-modulated signals of carrier frequency 1 Mc/s. 
The coil in the anode circuit has an inductance of 200 /dl. and 
an effective resistance of 5 ohms. W ith what capacitance must 
this coil be shunted, and what is the voltage amplification at 
the carrier frequency and at 101 Mc/s? Hence discuss the 
effect of the amplifier on a speech-modulated signal. 

(I.E. A\, May , 1941.) 

16 . THE VALVE AS GENERATOR 

References. Telegraphy and Telephony , by Mallett ; Radio 
Frequency Measurements , by Moullin; Wireless, by Turner; 
Theory and Design of Valve Oscillators , by Thomas. 

Toned Grid Circuit 

Condition for oscillation is. if/ = RC/g , where M is the 
mutual inductance between the anode and grid coils, R and 
C the resistance and capacitance of the tuned circuit, and g 
the mutual conductance of the valve. 

The effective resistance is R - gM/C. 

The pulsatance co = l/y^LC), where L is the inductance 
of the tuned circuit. 


Tuned Anode Circuit 

Condition for oscillation is gM — CR + aL> where 
a = 1/p. 

The effective resistance is R - (1 /C)(gM - aL). 

The pulsatance co = \/[(l + aR)JLC]^ 1 j\/(LC). 

. Ath harmonic current . 

The ratio ^ -= — is given by 

fundamental current 

~ in the coil, and 

ll 7T h* — 1 

~ . - . T I 1 in the condenser, 

ij 7r /r - 1 

where I x is the fundamental anode current and I h its /tth 
harmonic, and <5 is the decrement of the LGR circuit. 

Anode Tap 

For maximum power, the fraction to be tapped from the 
filament end is 

b = ^/(CRp/L) 



PROBLEMS IN RADIO ENGINEERING 


57 


The condition for oscillation is 

M = 2bL/fi 

The optimum inductance is then y/( Rp)lco and the 
optimum capacitance is 1/co \/( Rp ). 

Dynatron 

Condition for oscillation is r — L/CR , where r is the 
negative slope resistance of the valve. 

The effective resistance is R - L/Cr. 

The pulsatance co = 

Phase Shift Oscillator 

Three-section type 
Minimum gain = 29 

Pulsatance co = 1 /CR\/6 (Phase advance) 
co = \Z(j/CR (Phase retard) 

Four-section type 

Minimum gain — 18*4 

oj — y/0 -1 ICR (Phase advance; 
co = 1 /CR\/Q’7 (Phase retard) 

EXAMPLES 16 

1. Draw a diagram of connections showing how a three- 

electrode thermionic valve may be used to generate high 
frequency currents, and explain the action. Upon what 
circumstances does the high frequency power that can be 
obtained depend? ( C . & G., 1, 1926.) 

2. Describe how by employing a valve with reaction the 
high frequency resistance of an oscillatory circuit may be 
reduced. Find an expression connecting the oscillatory 
current with the applied potential difference in terms of the 
mutual • inductance of the reaction and the circuit and valve 
constants, and hence find the mutual inductance necessary 
for self-oscillations to commence. (C. (fc G ., Final, 1926.) 

3. Explain how high frequency alternating currents may be 

produced by means of a three-electrode valve. Discuss the 
conditions necessary to be fulfilled in the circuit arrangement 
described. (C. c fc G ., Final , 1927.) 

4. Explain how a three-electrode valve may be used to 
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produce high frequency alternating currents. Discuss the 
design of the circuit arrangements. (I.E.E., Oct., 1927.) 

5. Give sketches showing one arrangement for the main- 
tenance of electrical oscillations by a triode valve, and discuss 
mathematically the necessary circuit conditions. ( L.U. , 1929.) 

6. A triode generator has an inductance, resistance, capaci- 

tance circuit in series with the anode, and this circuit is coupled 
to the grid by a mutual inductance. Derive the condition for 
the starting of self-oscillation. ( I.E.E. , Nov., 1929.) 

7. Explain briefly the use of the “anode tap,’’ or similar 
adjustment in a valve generator. A triode has a filament 
emission of 2 A. The anode is fed from a supply at 20 kV., but 
can dissipate only 2 kW. steadily without overheating. Cal- 
culate approximately the greatest high-frequency output 
obtainable for brief periods ; show that to deliver as much as 
half this output continuously, the generator must be arranged 
*to have an efficiency of not less than 72 per cent, reckoned 
without regard to the power used in the filament. 

( I.E.E. , Nov., 1929.) 

8. Show that, if an oscillating valve circuit is arranged 

so that the maximum power output is obtained, the efficiency 
(neglecting the power u^ed in heating the filament) is only 
50 per cent. Explain how the efficiency may be increased, and 
state the attendant disadvantages. ( L.U. , 1930.) 

9. Describe, with schematic diagrams, three different 

circuits in which a three-electrode valve can be used to 
generate oscillations. (C. & G., 1, 1930.) 

10. Draw the circuit diagram of a small valve generator, 

suitable for laboratory measurements for generating current 
of frequency about 30 000 kc. per sec. State approximate 
electrical dimensions for the components and also describe 
their mechanical construction, giving approximate linea? 
dimensions. (I.E.E., May, 1930.) 

11. Explain the action of a valve oscillator with a tuned- 
anode circuit. If the anode circuit has a resonant frequency 
of 500 000/2 ji and a decay factor of 12 500, and if the frequency 
of the oscillations produced is 0*1 per cent less than the resonant 
frequency of the circuit, the valve employed having an in- 
ternal resistance of 10 000 ohms and an amplification factor 
of 10, find the mutual inductance between the anode and the 
grid' coils necessary for the maintenance of oscillation, on the 
assumption that capacitance effects are negligible. 

(L.U., 1931.) 

12. What factors limit the power output and the high- 
frequency current obtainable from a valve generator? Why 
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is the current in the oscillatory circuit relatively free from 
higher harmonics? ( l.E.E . , May , 1931.) 

13. The grid of a small receiving valve is maintained at a 

potential of about 200 V. positive to the filament, and a curve is 
plotted connecting anode current and anode potential. Sketch 
the form of curve which would be obtained, and explain the 
physical mechanism which produces the portion with a negative 
slope. Show, with circuit diagrams, how such an arrangement 
can be used to produce continuous oscillations in an oscillatory 
circuit (Dy natron generator). ( l.E.E. , Nov ., 1931.) 

14. Explain the purpose of an “anode tap” or similar 
adjustment in a valve generator and explain why it is often 
essential to operate the valve of a generator at an efficiency 
higher than that corresponding to maximum output. 

{I.E.E., Nov., 1931.) 

15. Find expressions for the condition for maintenance and 

for the frequency in a valve oscillator with the tuned circuit 
connected to the anode. Show all the voltages and currents 
involved in a vector diagram, and indicate how the frequency 
of the oscillation departs from the resonance frequency of 
the oscillatory circuit. Suggest a method of eliminating this 
departure. ( L.U . , 1932.) 

16. Show by means of a diagram how a three-electrode 

valve can be used to generate oscillations. Show in the dia- 
gram means whereby the direct current anode potentials and 
grid bias potentials are excluded from the high-frequency 
circuits. {C. & G ., 1, 1932.) 

1 17. If the anode current of a valve generator is represented 

by the equation i = A (sin pt - £ cos 2 pt), and if the anode 
circuit impedance consists of an inductance of 1 mH., having 
a resistance of 5 ohms, joined in parallel with a capacitance 
of 4 000 /*/*F., find the fractional amplitude of the second 
harmonic current in the coil. {l.E.E., May , 1932.) 

' 18. A valve generator was adjusted so that the anode 

current was zero during one half-cycle. During the other 
half-cycle its wave-form was a peaky curve which may be 
represented by the equation 

i — 4 (sin pt - $ sin 3 pt) amperes. 

The anode potential was approximately v = (10-5 sin pt) kV. 
The power used in heating the filament was 1 kW. Find the 
efficiency of the generator and the power dissipated at the 
anode of the valve. Sketch a curve showing a complete cycle 
of anode current, anode potential, grid potential, and current 
in the anode circuit impedance. {l.E.E., May, 1932*) 
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19. If the grid of a valve is made very positive to the anode 

it is found that, over a limited range, the anode current 
decreases when the anode potential is increased, thus pro- 
ducing a negative-resistance device. If an impedance in the 
anode circuit consists of an inductance L of resistance R, con- 
nected in parallel with a capacitance C, it is found that a 
steady alternating current may be produced in the impedance 
(Dy natron generator). If the slope resistance of the valve 
characteristic is - r ohms, find the relation between L, C, R , 
and r, which must exist for oscillations to start, and also find 
the frequency of these oscillations. ( l.E.E . , May , 1932.) 

20. Give a diagram and description of any valve circuit 
suitable for the generation of high-frequency oscillations having 
wavelengths of less than 1 metre. State how these oscillations 
can be modulated by audio frequencies. 

(I.E.E., Nov., 1933.) 

21. Give a diagram of an electron valve oscillator circuit 

suitable for the production of oscillations of a wavelength 
of the order of 50 cm. How can the wavelength of such oscilla- 
tions be determined ? ( C , & G.y Final , 1934.) 

^ 22. Explain the operation of a valve oscillator in which a 
tuned circuit connected to the anode is coupled by mutual 
inductance to a coil connected to the grid. What causes the 
frequency of the oscillator to be different from the resonant 
frequency of the tuned circuit, and by what circuit adjustments 
would this difference be reduced to a minimum? 

(I.E.E., May, 1934.) 

r 23. A tuned circuit of L = 500/xH., R — 20 ohms and C 
= 300/x/xF., is connected across the grid and filament of a 
triode of /* = 10 and R a = 50 000. In the anode circuit is a 
coil L a = 100/xH., coupled with the inductance L by a mutual 
inductance of 20/xH. Estimate the alteration the presence of 
the valve makes in the effective resistance of the tuned circuit. 

( I.E.E . , May , 1934.) 

24. Show that it is possible to obtain sustained oscillations 

with any device, the voltage current characteristic of which 
has a negative slope. Describe an oscillator “based on this 
principle. ( I.E.E . , May , 1934.) 

25. A three-electrode valve oscillator with the oscillatory 
circuit connected to the anode is required for a wave length of 
600 metres. Taking the resistance of the oscillatory circuit 
as 30 ohms, and the internal resistance of the valve as 5 000 
ohms, find what the values of the inductance and of the 
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capacitance should be in order that the valve output may be 
a maximum. ( I.E.E. , May , 1935.) 

26. In a valve oscillator with a tuned anode circuit, a mutual 

inductance between grid coil and anode coil of 740^H. is 
required to start oscillations when the load is equivalent to a 
resistance of 20 ohms in the tuned circuit, but the mutual 
inductance must be increased to 980//H. when the equivalent 
load resistance is 40 ohms. If the valve has an internal resist- 
ance of 20 000 ohms and an amplification factor of 10, find 
the inductance and capacitance of the oscillatory circuit. 
Prove any formula used. ( I.E.E, , May , 1936.) 

27. Show that the effective resistance of an oscillatory 

circuit in the anode circuit of a triode may be either reduced 
or increased by back coupling to a grid coil. If the oscillatory 
circuit consists of a coil of 200 /iH. inductance and 12 ohms 
resistance shunted by a condenser of 800 fx/x F. capacitance, 
and if the amplification factor of the valve is 12 and its internal 
resistance is 20 000 ohms, what back coupling will be necessary 
(1) to reduce the effective resistance to 2 ohms; (2) to cause 
oscillations to commence? {L.U., 1938.) 

28. The tuned-anode circuit of a radio-frequency oscillator 
consists of a condenser of capacitance 600 / lyF . in parallel 
with a coil of inductance 400 /nil. and resistance 6 ohms. 
The anode of the valve is connected to a tapping point on the 
coil : find the position of the tapping point to give maximum 
power output if the a.c. resistance of the valve is 18 000 ohms. 

( I.E.E. , May, 1940.) 

29. If the oscillatory circuit connected to the anode of a 
triode consists of a coil of 400 /<H. inductance and 25 ohms 
resistance in parallel with a condenser of capacitance 500 fijuF., 
and if the amplification factor of the triode is 5*5 and the anode 
a.c. resistance is 5 000 ohms, calculate from first principles the 
minimum value of the mutual inductance required with the 
grid circuit in order that oscillations may commence. 

( L.U . , 1940.) 

30. Derive the condition for self-oscillation of the magnet- 

ically coupled triode oscillator in which the oscillatory circuit 
is inserted between grid and filament. In a particular oscillator 
the constants of the oscillatory circuit are L — 150 jx H., 
C = 250 /i/iF., R = 15 ohms, while the valve has a voltage 
amplification factor of 12 and an internal a.c. resistance of 
8 000 ohms. Calculate the mutual inductance between the anode 
and grid coils for self-oscillation, and the generated, frequency. 
What effect would be produced by increasing this mutual 
inductance to 10 //II.? {I.E.E,, May , 1941.) 
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17. HETERODYNE RECEPTION 

EXAMPI.ES 17 

1. What is meant by heterodyne reception in the case of 

continuous wave wireless telegraphy? Sketch in detail and 
explain the action of any arrangements by which a single 
three- electrode valve can be used to effect reception of con- 
tinuous wave signals. {L. U. 1925.) 

2. Explain with a circuit diagram how heterodyne reception 

can be carried out with a single valve. Describe what happens 
aS the tuning of the circuit is varied over a range of several 
hundred cycles per second about the frequency of the incoming 
signal. (C. G ., Final , 1926.) 

3. Describe the heterodyne method of receiving continuous 

wave wireless signals. Show that- if in the detector the rectified 
current is proportional to the square of the applied voltage, 
while in the remaining instruments the current is proportional 
to the voltage, then the current in the telephones is propor- 
tional to the signal strength. ( I.E.E . , Oct., 1927.) 

4. Describe the method of heterodyne reception of C.W. 
signals. What is the difference between autoheterodyne and 
separate heterodyne? Which system is to be preferred? 

{C. cfc G., 1, 1928.) 

5. Explain fully the theory of the heterodyne reception of 
continuous-wave wireless telegraph signals, and describe, with 
a 'circuit diagram, how it is carried out in practice. 

{I.E.E . , May , 1935.) 


18. SUPERHETERODYNE RECEPTION 

Reference. The Superheterodyne Receiver , by Witts 
(Pitman). 

EXAMPLES 18 

1. Explain the superheterodyne system of reception, give a 

diagram of connections, and explain the advantages and dis- 
advantages of the system. ( L.U . , 1926.) 

2. Describe the supersonic heterodyne method of receptiop. 

What are important advantages of this method? What is the 
most serious disadvantage of the method, and how can it be 
overcome? ( C . & G., Final , 1930.) 

3. Discuss the advantages of the superheterodyne system 

of reception. {I.E.E., Nov., 1931.) 

4. Describe by means of a schematic diagram the principle 
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of a supersonic heterodyne receiver. What are the advantages 
and disadvantages of this type of receiver ? How can the dis- 
advantages be overcome? (I.E.E.> May , 1933.) 

5. WTiat considerations govern the choice of intermediate 
frequency for a superheterodyne receiver? What are the 
advantages and disadvantages of (a) high intermediate 
frequencies, (b) low intermediate frequencies? Mention any 
circumstances which may render it desirable to use an inter- 
mediate frequency higher than the received frequency. 

( I.E.E. , Nov., 1933.) 

6. Describe the principle of the superheterodyne method of 

receiving wireless broadcast signals and discuss its advantages 
over other methods of reception. Give an outline circuit 
diagram of a typical arrangement. ( I.E.E. , May , 1934.) 

7. Describe the principle of operation of a supersonic hetero- 
dyne receiver. Give a circuit diagram suitable for the reception 
of C.W. telegraphy or telephony. ( C . cfc G., Inter., 1934.) 

8. Explain the superheterodyne method of receiving 

modulated wireless signals. Give a circuit diagram including 
approximate details of valve and circuit constants, of a set 
suitable for receiving broadcast signals on wavelengths of 
200-500 metres. {I.E.E., Nov., 1935.) 

9. Explain the principle of operation of a superheterodyne 

receiver. Wliat factors influence the choice of frequency for 
the intermediate circuit in such receivers? In some cases 
superheterodyne receivers are arranged to receive signals on 
frequencies above and below the intermediate frequency ; 
how is this accomplished? ( C . & G ., Inter., 1936.) 

10. What is meant by the “superheterodyne” method of 

radio reception, and what are its special merits? Explain the 
operation of a hexode frequency-changer for use in a super- 
heterodyne receiver. What is an “image signal,” and how can 
it be eliminated? {I.E.E., Nov., 1940.) 

19. MODULATION 

References. Telegraphy and Telephony , by Mallett; 
Wireless, by Turner; Radio Engineering, by Terman; Com- 
munication Engineering, by Everitt. 

If a carrier wave C sin cot is modulated by an acoustic 
wave M sin pt, the modulated carrier may be represented by 
(C + M sin pt) sin cot 

= C sin cot + (M/ 2) cos (co-p)t - (M/2) cos (co + p)t 

The second and third terms of this expression represent 
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the lower and upper sidebands respectively, and contain 
frequencies equal to the difference and the sum respectively 
of the carrier and modulating frequencies. 

Depth of modulation m = M/C. 

Percentage modulation = 100 M/C. 

Anode Choke Modulation 

Voltage fluctuation at anode 

fxcoL V Q 

- p 2 V[l + co*L*(lf Pl + 1/p*) 2 ] 

where and p 2 are the anode resistances of the oscillating 
valve and control valve respectively ; L is the inductance 
of the choke; /u is the amplification factor of the control 
valve, and V 0 the voltage applied to its grid. 

Distortion in the Receiver 

If a carrier of frequency / is equally modulated by two 
acoustic tones, the higher frequency being N and the lower 
n, the ratio in which these two tones are received in a circuit 
of decrement S is 

y2(5 2 + 4 t r^H 

f 2 d 2 + 4 7 r 2 n 2 J 

: 1 + 4rr 2 N 2 lPdn 

J + 4t rV//2(5 2 J 

If n is small, say less than 100 cycles, 

IJI* = V[1 + VirN/fd)*] 

= V[1 + (47 rLN/R)*] 

If a modulated signal (C + M sin pt) sin cot is applied to a 
rectifier, the characteristic of which is represented by 
i = a + bv + cv 2 , 
the acoustic output is given by 

i == c[CM sin pt - (M 2 / 4) cos 2 pt] 

Power 

The power transmitted by the carrier oc C 2 . 

The power transmitted by each side band oc (M/2) 2 . 
JThe total power transmitted oc C 2 + M 2 / 2. 
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R.M.S. Values 

The r.m.s. value of a modulated carrier is . 

V{(C 2 /2) + (M*/ 4)} 

The ratio of the r.m.s. values of the modulated to the 
unmodulated carrier is 

V(1 + £m 2 ) 

EXAMPLES 19 

1. What is meant by a “modulated wave”? Describe the 

“anode choke” method of modulating the high frequency 
currents in an aerial by sound waves. (C. G., Final , 1927.) 

2. Describe the choke control method of wireless telephone 
transmission, explaining the considerations underlying the 
determination of the relative sizes of the valves employed. 

( LE.E. , Oct., 1927.) 

3. Give a theoretical justification for looking upon a modu- 
lated wave in wireless telephony as consisting of a “carrier 
wave” and “side bands.” Explain how good reception is 
possible when only one side band is transmitted. 

(I.E.E., Oct., 1927.) 

4. Give a diagram showing how a valve transmitter can be 

modulated by speech currents for telephone transmission, and 
explain briefly the action. (C. G ., 1, 1929.) 

5. Explain, with wiring diagrams, the method of modulating 
a small triode telephone transmitter by (a) grid control, 
(6) choke control. Explain, with references to the triode 
characteristics, the action of both methods of control. 

{I.E.E., Nov., 1929.) 

6. What are meant by the terms “modulation” and “de- 

modulation” of a high-frequency current? Show *how each 
process may be carried out by the use of valves whose char- 
acteristic curves follow a square law. How may distortion of 
the original signal be avoided? (L.U., 1930.) 

7. Explain, with diagrams, two methods whereby a valve 

transmitter can be modulated by speech currents. What is 
meant by depth of modulation or percentage modulation? 
How can this be measured in an actual radio telephone 
transmitter? (C. & G., Final, 1930.) 

8. The input circuit of a radio receiver has a logarithmic 
decrement of 0-0314 when tuned to a frequency of 800 kc. 
The carrier wave of a station working on this frequency is 
equally modulated by tones of 50 cycles and 5 000 cycles. 
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In what ratio will these two tones be received, assuming that 
the remainder of the receiver has a flat response? 

(C. cfc G., Final , 1931.) 

9. An acoustically modulated e.m.f. acts on an aerial 

tuned to the carrier frequency. Explain why the modulation 
ratio of the voltage applied to the detector is less than the 
modulation ratio of the signal e.m.f. A voltage V — E{ 1 -f m 
cos nt) cos c at is applied to a rectifier which has a parabolic 
characteristic i = cV' 1 . Derive an expression for the acoustic 
frequency output of the rectifier. ( I.E.E. , Nov., 1931.) 

10. Explain the anode-choke method of producing modu- 
lated high-frequency currents. If the amplification factor of 
the control valve is 10, the internal resistances of the control 
and oscillating valves are 10 000 and 50 000 ohms respectively, 
and the inductance of the choke is 10 H., estimate the variation 
of the anode potential of the oscillating valve produced by a 
sinoidal variation of potential at the grid of the control valve 
of amplitude 3 V. and frequency 1 000 cycles per sec. 

( L.U. , 1932.) 

11. Explain, with the help of characteristic curves, why the 

output of a simple valve generator depends on the steady 
potential of the anode and the grid. Show how this property 
may be used to modulate the output of a telephony trans- 
mitter, and sketch a simple system whereby this may be 
carried out. {I.E.E. , May , 1932.) 

12. Describe some arrangement for measuring the depth 
of modulation of a high-frequency current. 

{I.E.E. , May , 1932.) 

13. A detector valve has a resistance of 150 000 ohms in 
the anode circuit, and is used to rectify a voltage whose carrier 
frequency is 150 kilocycles per sec., modulated with a fre- 
quency of 5 kilocycles per sec. A by-pass condenser is con- 
nected across the resistance, and its capacitance is such that 
its presence reduces to 5 000 ohms the impedance of the anode 
circuit to the carrier frequency. By how much will it reduce 
the impedance to the modulation frequency? 

{I.E.E., May, 1932.) 

14. A straight-line rectifier is operated by a highly selective 

receiver, which is acted on by two modulated signals; the 
receiver is tuned to the carrier of one modulated signal, but 
is appreciably out of tune to the other. Draw and discuss the 
envelope of the rectified current, and discuss the result of this 
current in an acoustic receiver. {I.E.E., Nov., 1932.) 

15. What is meant by the terms “low-power modulation” 
and “high-power modulation” applied to a radio-telephone 
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transmitter? What are the advantages of each type of modu- 
lation? State approximately the maximum percentage modu- 
lation which can be obtained in practice in each case without 
serious loss of quality in the transmission. 

(. I.E.E ., May , 1933.) 

16. How can the percentage modulation of a radio-telephone 

transmitter be determined (a) at the transmitter, and (b) at 
a distant receiving station? ( I.E.E. , May , 1933.) 

17. Explain what is meant by a single side band suppressed 
carrier radio-telephone system. Give a schematic diagram of 
the apparatus necessary at the transmitter for the production 
of this type of emission. Mention any advantages of the 
system for long waves and for short waves. 

(C. & G., Final , 1934.) 

18. Show how a valve having a square-law characteristic 
may be used to produce modulated high-frequency currents. 
Discuss the nature of the modulated currents and their 
reception by a valve of square-law characteristics. 

( I.E.E. , May , 1934.) 

19. Explain what is meant by modulating a carrier wave. 

Show that the effects of amplitude modulation is to produce 
two side bands of frequency, one above and the other below 
the carrier frequency. Examine the effect on the use of the 
system for the transmission of information, of suppressing 
one of the side bands. If a wireless transmitter radiates 4 kW. 
with an unmodulated carrier wave and 5*2 kW. when the 
carrier wave undergoes a sinoidal variation of amplitude, 
calculate the percentage modulation employed. Assume 
negligible distortion. ( L.U. , 1934.) 

20. What is the nature of a modulated high-frequency 

voltage? Prove any statement made, and explain how the 
signal distortion obtained on rectification by a square-law 
rectifier may be avoided. ( I.E.E., Nov., 1934.) 

21. A high-frequency oscillation of frequency / is modulated 
by a frequency p so that the resultant current is represented 
by the expression 

i — A{1 - B sin 2 izpt) sin 2nft . 

Resolve this expression into the carrier and two side fre- 
quencies. What is meant by percentage modulation, and 
what is the percentage modulation in the above case? A 
transmitter supplies 10 kW to the aerial when unmodulated; 
what will be its output when modulated 100 per cent? 

(C. G., Inter., 1935.) 

22. Show that a modulated high-frequency current contains 
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two additional frequencies for each modulation frequency. 
Explain how speech modulation of high-frequency currents 
is effected in wireless telephony. ( I.E.E. , May , 1935.) 

23. Show that with single side-band transmission, a square- 
law detector receives without distortion. If the anode current 
of the detector is given in mA. by I a = 0*5(6 -f V Q ) 2 find the 
signal current when the amplitude of the grid voltage of the 
carrier is 2*5 volts and of the side band 1*0 volt.* 

(. I.E.E. , Nov., 1935.) 

24. Describe the anode-choke method of producing speech- 
modulated wireless signals. Give an outline diagram, including 
approximate valve and circuit constants, of a transmitting 
circuit suitable for broadcasting 10 kW. at 250 metres. 

(I.E.E. , Nov., 1935.) 

25. Describe two methods of modulating a high-frequency 

oscillator with speech frequency. A radio telephone trans- 
mitter in the unmodulated state has a carrier output of 10 kW. 
and can be modulated to a maximum of 80 per cent by single 
frequency tone before overloading. To what value can the 
carrier power be increased if a limit of 50 per cent modulation 
is imposed? (C. & G., Inter., 1936.) 

26. What is meant by frequency modulation of a carrier 

wave'? What are the advantages and disadvantages of this 
system compared with amplitude modulation, and why is it 
difficult to achieve a satisfactory "practical application of the 
method? An oscillatory circuit with an inductance of 0*4mH., 
a capacitance of 63^/zF. and a resistance of 4 ohms is used 
to receive a carrier wave having a frequency modulation of 
1*5 kc. per sec. Give a suitable value for the carrier frequency 
and estimate the corresponding percentage modulation of the 
received current. ( L.U. , 1936.) 

27. A carrier frequency voltage e — A sin cot, is modulated 
by a low-frequency voltage, e = B sin pt. The depth of 
modulation is M. If the modulator has a square law char- 
acteristic, derive an expression for the output from the 
modulator in terms of carrier and side- bands. 

(C. G., Inter., 1937.) 

28. A sinoidal carrier having a voltage amplitude V is 
modulated by a sinoidal tone having a voltage amplitude v. 
Deduce a formula to give the resulting instantaneous value of 
carrier and side-bands. If the ratio of v to V is 0*6, find the 
relative power in the carrier and side-bands. 

( C . & Q., 3, 1939.) 

29. An aerial coupled to a valve oscillator radiates a 
sinoidal carrier wave, and a modulator is provided so that a 
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simple harmonic variation in the amplitude of the wave can 
be produced. If the r.m.s. value of the aerial current before 
modulation is 12*5 A. and during modulation is 14 A., calculate 
the percentage modulation employed assuming no distortion. 

( I.E.E. , May , 1930.) 

30. The r.m.s. value of a radio-frequency voltage before 

modulation by a sine-wave audio-frequency voltage is 50 volts, 
and after modulation 55 volts. Calculate the ‘percentage 
modulation. ( I.E.E. , Nov., 1940.) 

31. A carrier wave is amplitude modulated at audio fre- 
quency. Deduce an expression to show that two side-bands 
are produced. What is the relative power in each side-band 
and carrier when the modulation coefficient is 0*5 ? 

(C. & G ., 3, 1941.) 


20. TRANSMITTERS 

References. Admiralty Handbook of Wireless Telegraphy ; 
Wireless^ by Turner ; Modern Radio Communication , by 
Reyner. 


EXAMPLES 20 

1. Draw a circuit diagram explaining how speech modulated, 

high-frequency currents for wireless telephony may be pro- 
duced in an aerial. {C. & G., 1, 1926.) 

2. What considerations govern the design of a valve oscilla- 

tor transmitting circuit for, say, 1 kilowatt output into the 
aerial? (C. G ., Final , 1926.) 

3. A 6 kW. valve transmitter is required for a wavelength 
of 1 500 metres. The antenna capacity is 0 002 microfarad 
and the resistance 10 ohms. Work out the value of aerial tuning 
inductance and estimate the value of the anode tap, grid 
condenser, and grid leak, and the high-frequency choke coil 
in the direct current supply. Assume glass valves of 600- watt 
dissipation worked at 70 per cent efficiency, and a direct 
current supply from rectifiers at 10 000 volts. 

(I.E.E., Oct., 1926.) 

4. Describe the essential features in the working of a small 
telegraph transmitting station using continuous waves. 

( C . <fc G„ 1 , 1927.) 

5. Give an account of the various ways in which a valve 
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generator system may be coupled to an aerial, and discuss their 
relative advantages. ( C . G .. Final , 1927.) 

6. Describe a method of keying (a) a high-power, long-wave 
transtnitter, and (6) a short-wave beam transmitter. 

( I.E.E. , May , 1930.) 

7. Give a circuit diagram and brief description of a radio 

telephone transmitter. Show clearly how the output is modu- 
lated by speech Currents. (<?. & G., 1, 1931.) 

8. (a) State three different methods used in keying valve 
radio telegraph transmitters, mentioning any advantages or 
disadvantages. 

(b) Give a circuit diagram and a brief description of a 
master oscillator controlled valve transmitter, working off an 
a.c. supply, which can be used' for radio telephony or radio 
telegraphy. ( C . cfr G ., Final , 1932.) 

9. Draw a wiring diagram for a complete transmitter of 
about 100 kW. capacity and medium wavelength. Describe 
the purpose of each stage and the method of keying. 

[I.E.E., Nov., 1932.) 

10. What methods are adopted in practice to prevent the 
radiation of radio frequency harmonics by a valve transmitter? 

( I.E.E. , May, 1933.) 

11. Give a circuit diagram and description of a radio- 

telephone transmitter having a master oscillator drive. 
Explain clearly how the output is modulated by audio 
frequency currents. [I.E.E., Nov., 1933.) 

12. Give a diagram and description of a l£-kW. ship’s 

interrupted continuous-wave telegraph transmitter with rec- 
tifier for high-tension supply from a single-phase alternator. 
Show how keying is effected, and how the valve filament supply 
is kept constant when keying. [I.E.E., Nov., 1933.) 

13. Describe a method of producing inverted speech for 
privacy purposes in radio telephony. 

[C. cfr G., Final, 1935.) 

14. Describe with sketches the construction of a high -power 
cooled-anode valve for a short-wave transmitter. Give a 
circuit diagram with a brief description of the output stage 
of a radio-telephone transmitter designed to work on short 
waves. The output of the transmitter is 20 kW. carrier power, 
which is fed to a balanced transmission line of 500 ohms 
impedance. If the transmitter is modulated 100 per cent, 
what is the maximum peak voltage across the output? 

[C. & G., Inter., 1937.) 
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21. FREQUENCY CONTROL AND 
STABILIZATION 

References. Wireless , by Turner; Telegraphy and Tele * 
phony, by Mallett; Admiralty Handbook of Wireless Tele- 
graphy; Quartz Oscillators , by Vigoureux% 

Quartz Crystals 

The following formulae refer to thickness vibrations 
only— 

X-cut plates : 

Frequency /= 2870/J kc/s where t is the thickness of 

the plate in mm. 

The temperature coefficient is — 21 X 10 -6 per 1° C. 

F-cut plates : 

For thin plates, / = 1900 jt kc/s. 

The temperature coefficient is + 90 X 10~ 6 per 1° C. 

EXAMPLES 21 

1. Describe, with circuit diagrams, the use of a quartz 

crystal as a frequency standard and also as a frequency control 
for a valve generator. {I.E.E., No*., 1929.) 

2. Give diagrams showing how a quartz crystal may be 

used to control the frequency of a valve generator. Replace 
the quartz by its equivalent network and thereby explain the 
action of the system. ( I.E.E. , May, 1930.) 

3. Describe the methods which are used for maintaining a 

constant frequency for transmitting stations of (a) moderate 
frequency, (b) very high frequency. {I.E.E. , May, 1931.) 

4. Draw diagrams showing two methods by which a quartz 
crystal can be used to control the frequency of a valve genera- 
tor and describe suitable mountings for the crystal. Draw 
the electrical network which is equivalent to the crystal. 

{I.E.E., Nov., 1931.) 

5. Explain how quartz -crystal oscillators can be used in 

conjunction with a valve to generate high-frequency currents. 
Discuss the advantages, difficulties, and applications of such 
generators. {L.U., 1932.) 

6. Discuss the problem of maintaining constant the fre- 
quency of a telephone transmitter of about 30 m. wavelength, 
and describe various methods which are used for this purpose, 
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How does the frequency shift compare at present with the 
necessary width of a telephone channel ? 

( I.E.E. , May , 1932.) 

7. Describe, with wiring diagrams, some methods of stabi- 
lizing the frequency of a transmitting station of 30 m. wave- 
length. What precautions should be used in operation to 
maintain the frequency of an unstabiJized station? 

( I.E.E. , Nov ., 1932.) 

8. Discuss the use and care of crystals as frequency stabi- 
lizers and as standards of frequency : give diagrams of one 
or more suitable forms of holders for plate and for bar crystals. 

(I.E.E., Nov., 1932.) 

9. What properties of a quartz crystal enable it to be used 
in a valve oscillator? Give a circuit diagram and an explana- 
tion of the action of such an oscillator, and explain its advan- 
tages and disadvantages compared with other valve oscillators. 

( L.U . , 1933.) 

10. Describe, with a diagram, a valve oscillator circuit having 

inherently a high constancy of frequency without mechanical 
stabilizing devices, and suitable for the beating oscillator of a 
short-wave receiver. (I.E.E., May, 1933.) 

11. What are the reasons for the use of piezo electric 

crystals for frequency control? What precautions are neces- 
sary if the best results are to be obtained? What approxi- 
mately are the highest frequencies for which quartz crystals 
can be manufactured and used? How can frequencies above 
this limit be controlled? (C. & G., Final, 1934.) 

12. Describe, with a circuit diagram, the principle of opera- 
tion of a frequency changer circuit, using valves, suitable for 
,use in connection with a tuning fork or crystal frequency 

control equipment on a radio transmitter. 

(C. & G., Final, 1935.) 

13. What is the piezo-electric effect? What materials 

exhibit the effect? What processes or preparation is necessary 
in materials in order to obtain the effect? How is the piezo- 
electric effect utilized in equipment for radio transmitting and 
reception? (C. & G., Final, 1936.) 

14. A quartz crystal oscillator is required for a short-wave 

telephony transmitter. Describe the various steps to be taken 
in the preparation of the crystal from the initial to the final 
stage. What degree of frequency stability would you expect 
to obtain? (C. & G., 3, 1940.) 

15. Describe how a quartz crystal can be employed to 
control the frequency of a triode oscillator. Discuss the 
conditions that determine the constancy of the frequency. 
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What is meant by X- and F-cut crystals and what are their 
relative merits? (L.U., 1940.) 


22. RECEIVERS 

References. Modern Radio Communication , by Reyner; 
Admiralty Handbook of Wireless Telegraphy . 

EXAMPLES 22 

1. Describe what happens in a simple crystal receiving set 
when a continuous wave produces currents in the aerial. 

(C. G., 1, 1926.) 

2. If two valves are available for the reception of broadcast 
signals, discuss the various considerations that will decide the 
manner in which they should be used. 

( C . & G ., Final , 1927.) 

3. In a selective valve receiver the aerial circuit is loosely 

coupled to the first valve. How would you modify this 
receiver to make it less selective for search or “stand by” 
purposes ? Give a diagram of such a receiver having a reacting 
detector and two low-frequency valves with necessary change- 
over switches. (C. (fc (?., 1, 1929.) 

4. Discuss the principal causes of the imperfections of repro- 

duction of music which are likely to occur in a wireless broad- 
cast receiver, but omit the acoustic imperfections of the loud 
speaker. ( I.E.E. , Nov., 1929.) 

5. Give a circuit diagram of a valve receiver suitable for the 
reception of modulated waves between 300 and 500 m., con- 
sisting of one stage of high-frequency amplification, detector, 
and one stage of low-frequency amplification. Include in the 
diagram switch connections for stand-by and selective adjust- 
ments whereby the high frequency stage is disconnected and 
the aerial connected to the detector valve in the stand-by 
position. Indicate clearly the method of rectification employed. 

( C . & G.y Final, 1930.) 

6. Describe a complete receiving circuit for a telephone 
service at about 30 m. wavelength. ( I.E.E. , May, 1930.) 

7. Give a circuit diagram and brief description of a radio 
receiver suitable for the reception of spark, I.C.W. or C.W. 
signals between 500 and 2 500 m. wavelength and possessing 
the following features — 

Tuned coupled aerial circuit, one high-frequency stage, 

detector, one low-frequency stage, separate heterodyne. 

(C. & G., 1, 1931.) 

8. A receiving aerial has an effective height of 5 m. and is 
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acted on by an incident field strength of 3 inV./m. It is tuned 
to the incoming signal by means of an inductance, and this 
tuned circuit has a decrement of 8 per cent. The p.d. across 
this tuning inductance is transferred to the rectifier by means of 
a high frequency amplifier whose magnification is 8. Calculate 
the voltage applied to the rectifier. ( I.E.E. , May , 1931.) 

9. Make an outline circuit diagram of a broadcast receiving 

set containing a screen grid valve, a rectifying valve and a 
pentode valve, and a loud-speaker. The wavelength range 
required is from 200 to 500 m. Give approximate values of 
inductances and condensers and of the voltages and currents 
at various points. {L.TJ., 1932.) 

10. Explain the action of a radio receiver when used to 

convert radio telephony signals into speech signals. How does 
the sharpness of tuning of the receiver affect the quality of the 
speech output? ( C . G ., 1, 1932.) 

11. Describe, with wiring diagrams, a suitable receiver sys- 

tem for the reception of telephony at a wavelength of about 
15 m. {I.E.E. , May, 1932.) 

12. Describe, with wiring diagrams, a receiver suitable for 

a radio telephone trunk, operating at a wavelength of about 
30 m. {I.E.E., Nov., 1932.) 

13. Describe, with a diagram, the circuit and action of a 
super-regenerative receiver. State the range of wavelength 
for which this receiver is most suited, and mention any of its 
advantages and disadvantages. ( C . & G., Final, 1933.) 

14. Describe a method whereby the audio frequency output 

of a broadcast receiver is automatically controlled to compen- 
sate for variations in the level of the received signal due to 
fading. {I.E.E., Nov., 1933.) 

15. What advantage is derived from using a coupled circuit 

in a receiver? How is the response of the receiver to incoming 
signals modified as the coupling is gradually increased from 
'zero to a maximum? {C. < fc G., Prelim., 1934.) 

16. Why is retroaction used in some types of receiver? 

Indicate by diagrams three ways in which retroaction can 
be applied to a receiver and mention any disadvantages 
attending its use. {C. & G., Prelim., 1934.) 

17. What are the advantages of automatic gain control 
when applied to a radio-telephone receiver? How does the 
time of operation of the control affect the performance of the 
receiver? Give a diagram of a control system suitable for a 
high-class broadcast receiver. What can be done to avoid 
excessive noise when tuning between stations? 

{C. & G., Final, 1934.) 



PROBLEMS IN RADIO ENGINEERING 


75 


18. Explain what is meant by diversity reception. Indicate 
by means of a circuit diagram how radio-telegraph reception 
on this system is carried out in practice. 

(C. (Sc G., Final , 1934.) 

19. Why is a detector necessary in order to receive wireless 

signals? What apparatus additional to a detector is necessary 
for the reception of continuous waves? Describe any method 
whereby I.C.W. signals can be audibly received without a 
detector. ( C . (Sc G., Prelim ., 1935.) 

20. Describe, with a diagram, the principles of operation 
of a super-regenerative type of receiver. What are the advan- 
tages of this type of receiver, and what is the range of wave 
length for which it is best suited? ( C . <Sc G ., Inter., 1935.) 

21. Describe one system of push button tuning of a receiver. 

(C. (Sc G., 2, 1939.) 

22. Explain the need and method of application of automatic 

gain control in a broadcast receiver. Give some approximate 
idea of the output level of such a receiver for varying input 
levels. ( C . & G ., 2, 1940.) 

23. Under what circumstances is automatic volume control 
desirable in a radio receiver? Describe, with the aid of a 
circuit diagram, a method of obtaining delayed automatic 
volume control in a superheterodyne receiver. ( L.JJ . , 1940.) 

24. Describe how the fidelity and selectivity of a broadcast 

receiver can be measured. (C. & G., 2, 1941.) 

23. SELECTIVITY 

If m is the modulation ratio of a carrier wave of frequency 
/, and N is the modulating fi equency, the modulation of the 
wave received in a resonant LGR circuit of decrement <5 
is reduced to 

m ' m 

m 1 = V[lT(frWfW] = vfl + (^LN/R) 2 ] 

The attenuation in respect to the carrier is 

10 log | 1 + (277 N/fd) 2 \ decibels 
= 10 log |1 + (4:7rLN/R) 2 \ decibels 

EXAMPI.ES 23 

1. What is meant by the selectivity of a receiving set, and 
upon what does it depend? In receiving the waves sent out 
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for wireless telephony, why is it necessary that the tuning 
should not be too sharp? (C. & G ., 1, 1926.) 

2. What is meant by the term “selectivity” as applied to 
a wireless receiving circuit ? Describe , and explain methods 
of obtaining good selectivity in a broadcast receiver with- 
out seriously impairing the quality of the reproduction. A 
simple receiver includes a tuned circuit having the following 
constants — 

Inductance = 4-9 X 10* 4 henries. 

Capacity = 1 000 micro -microfarads. 

Resistance =9*8 ohms. 

Determine the attenuation of a side band due to a frequency 
of 2 000 cycles per sec. ( L.U. , 1933.) 

24. FIELD STRENGTH 

Neglecting absorption, the field strength due to a distant 
transmitting station is given by 

^=z 311 {hi j Id) volts per metre 
where h ~ effective height of transmitting aerial in metres, 
d = distance in metres, 

A = wavelength in metres, 

I = aerial current in amperes. 

For an imperfectly conducting earth, the field strength 
F = <^S, where S — e~ kd l ^ ^ represents the attenuation 
factor. 

If F x and F 2 are the field strengths and S 1 and S 2 are the 
attenuation factors corresponding to distances d x and d 2 
respectively, then 

S x = (FJFJ 

and S 2 = (FJFJtJU*-* i> 

The power radiated from an aerial is given by 
W = 1-584 A 2 / 2 / A 2 kilowatts, 

and hence 

(300 \ZW)/d volts per metre 

The magnetic field H in lines per sq. cm. is related to the 
electrostatic field strength F in volts per cm. by the equation 
F = 300H 
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EXAMPLES 24 

1. What is meant by field strength? On what factors does 
the field strength of a distant transmitting station depend? 
How can the field strength of such a station be measured? 
What precautions are necessary in making such measurements ? 

(C. & G ., Final , 1928.) 

2. If 100 kW. of energy are radiated from an antenna of 

100 m. effective height, on a wavelength of 5 000 m., what 
would be the strength of the electric field in microvolts per 
metre at a distance of 100 kilometres, assuming that no 
absorption effects are present? ( C . <fe G ., Final , 1932.) 

3. The field strength of a station transmitting on 40 kc/s 

is measured at a distance of 50 kilometres and found to be 
30 millivolts per metre. At a distance of 200 kilometres the 
field is 2 millivolts per metre. What is the attenuation factor 
of the wave? % (C. G ., Final , 1933.) 

4. Explain the nature of the electromagnetic waves pro* 

pagated from a vertical aerial. If the electric field strength of a 
plane wave is 0*1 volt per metre, what is the magnetic field 
strength in lines per sq. cm.? {I.E.E., May , 1934.) 

5. Describe any method of measuring the field strength of 

a short-wave radio signal. What special features, if any, 
distinguish the apparatus from that used for long and medium 
wave measurements? (C. G ., Finals 1935.) 

6. Explain what is meant by the field strength of an electro- 

magnetic wave, and why the field strength produced at a 
distant point by a short-wave transmitting station is liable to 
undergo considerable variations. Describe any method by 
which field strength may be measured at a wavelength of, 
say, 50 m. ( I.E.E . , May , 1941.) 


25. AERIAL RESISTANCE AND 
EFFICIENCY 

References. Admiralty Handbook of Wireless Telegraphy ; 
Telegraphy and Telephony , by Mallett. 

The radiation resistance of an aerial is given by 
r = 1584 (h 2 /} 2 ) ohms 
= 1-76 X lO'WPohms 

where h is the effective height expressed in the same units 
as A in the first equation and in metres in the second, and 
/ is the frequency in kilocycles. 
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The power radiated is 
W= I 2 r 

= 1*584 (hi / A) 2 kilowatts 

If H is the actual height, the effective height is h = kH 
where k is the aerial form factor. This factor depends upon 
the shape of the aerial as indicated approximately in the 
following table, where L is the length of the horizontal roof 
for r aerials and half the total roof for flat top T aerials. 


L/H . 

0 

•2 

•5 

i ! 

2 

5 

10 

k 

0-64 

0*74 

0-83 

0-9 

0-96 

0-99 

10 


The radiation constant = hi metre-amperes. 

The aerial efficiency = r/R where R is the total aerial 
resistance. 


EXAMPLES 25 

1. Explain the variation of the total effective or equivalent 

resistance of an aerial with variation of wavelength, discussing 
in detail the causes of the variations of the various component 
resistances. {L.U., 1925.) 

2. Give sketches showing the polar diagrams of the radiation 
in a vertical plane from a short-wave antenna excited on (a) 
its fundamental, and (6) its third harmonic. The method of 
exciting the antenna should also be shown. 

{I.E.E.y Oct., 1926.) 

3. The current measured at the base of a radio- telegraphic 
antenna is 220 amperes. The antenna is of L-form with a 
“radiation height ” of 160 ft. and the wavelength employed 
is 8 000 m. What is the amount of energy radiated ? 

{I.E.E.y Oct.y 1926.). 

4. What are the various quantities that form the total 
“aerial resistance”? Draw a curve showing how the various 
parts and the total depend upon the wavelength. 

(C. & G.y 1, 1927.) 

5. Enumerate and explain the various sources of loss in 

aerial circuits and discuss their variation with wavelength. 
Give a definition of “effective resistance” and “radiation 
resistance." ( I.E.E . , Oct., 1927.) 
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6. Explain what are meant by the capacitance, inductance, 
and resistance of an aerial, and show how to measure these 
quantities. Modification of the earth system of a certain 
transmitting aerial caused its resistance to be reduced to one- 
quarter of its previous value. It was then found that ’the 
aerial current had to be increased by 10 per cent in order to 
produce the same field strength at a distant point. Calculate 
the improvement in the efficiency in the aerial. 

( I.E.E. , Nov., 1929.) 

7. Describe, with diagrams, the approximate distribution of 
current along the length of a vertical aerial when the frequency 
of the current corresponds to a wavelength (a) much greater 
than, ( b ) roughly equal to, and (c) less than four times the 
length of the aerial. Describe any experiments which have 
been made to measure the distributions. Explain the action 
and purpose of the phasing coils used in the separate members 
of an antenna array for beam transmission. 

( I.E.E., Nov., 1929.) 

8. An aerial has an effective height of 100 m. and the cur- 

rent at the base is 450 amperes r.m.s. at 40 000 cycles per 
sec. What is the power radiated? If the total resistance of 
the aerial circuit is 1*12 ohms, what is the efficiency of the 
aerial? (C. G., Final , 1930.) 

9. What is meant by the radiation resistance of an aerial? 
The radiation resistance R , in ohms, is related to the height l 
in metres and the frequency n in cycles per sec. by the 
formula — 

16 l 2 n 2 , 

R = ¥ ‘ io^ ohms 

Assuming that this formula Ls valid for aerials whose height 
is one-quarter wavelength, find the radiation resistance of such 
an aerial. {I.E.E. , Nov., 1931.) 

10. The following measurements were taken on an antenna 
by adding inductance and measuring the wavelength — 


Added inductance in micro- 
henries .... 

7-3 

13-9 

24-5 

41*5 

66-8 

89 | 

109 * 2 ] 

129 

Wavelength in m. . 

522 

1 

541 

573 j 
1 

620 

688 | 

738 

782 

1 

826 


Determine by means of a graph the inductance, capacitance, 
and natural wavelength of the antenna. If the effective height 
of the antenna is 30 m., what power would be radiated on 
600 m. with a current of 10 amperes in the base of the antenna? 

(C. G., Final , 1933.) 
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11. Deduce an expression for the radiation resistance ex- 

pressed in ohms of a vertical aerial in terms of its effective 
height and wavelength of the radiation, given the expression 
B = (4k I JKj 10 Ad)sin 6 for the component of the electric force 
in e.m.u. at an angle (90 - 0) from the earth’s surface and dis- 
tance d from a vertical aerial of effective height H s carrying a 
current I 9 amperes. Point out any assumptions made and 
show how they affect the accuracy of the expression obtained. 
A transmitting aerial having an effective height of 200 ft. 
takes a current of 50 amperes (r.m.s.) at a frequency of 480 kc. 
per sec. Calculate : ( 1 ) the radiation resistance of the aerial ; 
(2) the power radiated; (3) the aerial efficiency for a total 
aerial resistance of 50 ohms. (L.U., 1933.) 

12. Describe a method whereby the resistance of a large 
transmitting antenna can be accurately determined. 

( I.E.E . , May , 1933.) 

13. The aerial at a transmitting station has an effective 
height of 150 metres and the current at the base is 700 A. at 
16 000 cycles per second. What is the power radiated? If the 
capacitance of the aerial is 0 04 microfarad what is the voltage 
across the lead-out insulator? Give a sketch and brief descrip- 
tion of a suitable lead-out insulator for such a station. 

(C. & <7., Final , 1937.) 

14. What do you understand by “effective height” and 

“radiation resistance” of an aerial? If the effective height of 
an aerial is 1/1 00th of the length of the wave emitted, what is its 
radiation resistance? ( C . d: G ., 1, 1938.) 

15. Explain how and why the efficiency of a wireless aerial 

varies with the wavelength of the radiation. If a certain 
aerial has a total effective resistance R given by the expression 
R = (30/ \/^) + (4 X 10“*) A -f 8 X 10 4 /A a oluns, where A is 
the wavelength in metres, calculate the aerial efficiency for a 
wavelength of 400 metres. ( I.E.ti . , Nov., 1939.) 

16. A receiving aerial has a total resistance of 12 ohms, 
when receiving a signal of frequency 500 kc/s. If the effective 
height of the aerial is 30 metres, what is its radiation efficiency? 

(C. cfc G. y 2, 1940.) 

26. DIRECTIONAL TRANSMISSION AND 
RECEPTION 

References. Wireless , by Turner; Short Wave Wireless 
Communication , by Ladner and Stoner (Chapman & Hall) ; 
Admiralty Handbook of Wireless Telegraphy ; Principles of 
Radio Engineering , by Glasgow. 



PROBLEMS IN RADIO ENGINEERING 81 

In an antenna array with finite spacing the total field in 
a direction making an angle 0 with the normal to the 
array is 

sin (A 7 q/2) 

1 sin (a/2) 

where F x = field due to one aerial 

N — number of vertical aerials 
a = phase difference between the radiations of 
consecutive aerials in the given direction. 
Also a = {(27 ra/X) sin 6} ± </> 

where a = spacing of the aerials 
X = wavelength 

cf) — phase difference between the currents in 
adjacent aerials. 

F vanishes when iVa/2 = v, 2 ji , etc. 

If the aerial currents are in phase, </> = 0 and the first 
zero occurs when 

sin 6 — X/Na. 

The angular width of the broadside beam is then 26. 

EXAMPLES 26 

1. Describe any type of directional antenna array suitable 
for short wave transmission or reception and indicate carefully 
how it is connected to the feeders. An antenna array consists 
of eight vertical aerials in a straight line spaced half a wave 
length apart and energized equally in phase. What will be the 
angular width of the forward beam in the horizontal plane ? 

(C. G., Final , 1935.) 

2. State and explain the essential principles underlying 

the operation of the aerial array as used for the “beam system ” 
of wireless communication. Show how the spacing of the com- 
ponent conductors of the array affects the shape of the polar 
curve of radiation from it, and state the means employed to 
obtain propagation of the wave at the best zenithal angle. 
Why is the direction of the beam leaving England for New 
York practically North-west although the latitude of New 
York is about the same as that of Madrid ? (Z. £7., 1935.) 

3. Derive expressions for the polar diagram in the hori- 
zontal plane for an antenna array consisting of N elements 
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spaced half a wavelength apart in a straight line energized 
in phase. Derive a similar expression for the polar diagram of 
an array system having elements spaced half a wavelength 
and alternate elements phased 180 degrees from the remainder, 
in order to secure maximum radiation in the line of elements. 
How does the sharpness of directivity compare in the two 
cases? (C. (7., Final , 1987.) 

4. An antenna array consists of 10 vertical aerials in a 
straight line spaced half a wavelength apart and energized 
equally in phase. Deduce the angular width of the forward 
beam in the horizontal plane. 

5. An antenna array consists of 10 vertical aerials energized 
equally in phase. The aerials are spaced 15 metres apart and 
transmit signals on a wavelength of 20 metres. What will be 
the angular width of the forward beam in the horizontal 
plane ? 

0. A beam array consists of N similar vertical radiators in the 
same plane (normal to the direction between the transmitting 
and receiving station). The height of all radiators above the 
ground is the same and the separation between adjacent 
radiators is half a wavelength. Assuming all radiators have 
the same resistance, what is the gain in decibels of the array 
with reference to a single radiator? What gain would you 
expect to obtain from a correctly designed reflector curtain? 
If the number of radiators in the array were increased to 2 N, 
what additional gain would you expect? What does this 
suggest regarding the limitations of the gain of an array? 

(0. & <7., 2, 1938.) 

7. Two similar vertical aerials spaced half a wavelength 
apart, their lower ends being the same height from the ground, 
are fed in anti-phase, the maximum amplitude of the current 
in each radiator being equal. A single vertical comparison 
aerial similar in all respects to each of the other two aerials 
has the same maximum amplitude of current. Assuming that 
there is no interaction between the single aerial and the 
combination, compare the field strengths due to (a) the 
combination of the two aerials, and (6) the single comparison 
aerial, at equally large distances in ( 1 ) the direction of the line 
joining the two aerials, (2) the direction normal to this line, 
and (3) in the direction making an angle of 30° to this line. 

(C. <7., 2, 1939.) 

8. Two vertical aerial wires carry high-frequency currents 
in phase with each other and are separated by a distance of 
half a wavelength. Calculate the strength of the radiated 
field in a direction inclined at (a) 00° to the plane of the wires, 
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(b) 30° to the plane of the wires, in terms of the field strength at 
right angles to the plane of the wires. ( I.E.E. , May , 1939.) 

9. Two vertical aerials, similar in all respects, are situated 

a fraction of a wavelength apart. How would you connect 
them to form a directional aerial, and what would be the shape 
of the polar diagram of this directional aerial in the horizontal 
plane? {C. & G., 1 , 1940.) 

10. What is meant by the gain of an array? Explain the 

action of a tuned reflector of an array. One broadside array 
covers four times the area of another. What would be the 
approximate gain in decibels of the larger over the smaller 
array? ( C . G ., 2, 1941.) 


27. RECEIVING AERIALS 

References. Modern Radio Communication , by Reyner; 
Admiralty Handbook of Wireless Telegraphy. 

If F is the field strength in volts per metre and h the 
effective height of the receiving aerial, the received e.m.f. 
will be 

E = Fh volts 

If R is the resistance of the circuit the current is 
I = Fh/R 

The voltage across the aerial coil is FhZjR , where Z is its 
impedance. 

The voltage received in a frame in the plane of propaga- 
tion of the wave is 

E — 2ttFAE!X volts 

where A is the frame area in square metres, N its number 
of turns, F the field strength in volts per metre, and A the 
wavelength in metres. 


EXAMPLES 27 

1. A small receiving aerial has a vertical height of 8 m. and a 
horizontal roof of length 20 m., a capacitance of 160 ftp F., and 
an effective resistance of 80 ohms at a frequency of 1 000 kc. 
per sec. Estimate the p.d. across the tuning inductance pro- 
duced by an incident field strength of 1 mV. per m. 

(I.E.E., May , 1930.) 
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2. * Write a short account of the nature of electromagnetic 
waves. Find the voltage induced by a plane wave of field 
strength 0 01 volt per metre and wavelength 300 m. in — 

(1) A vertical aerial 8 m. high; 

(2) A frame aerial 1 m. square of 12 turns, the plane of the 

frame being in the plane of propagation of the wave. 

( L.U. , 1932.) 

3. Explain what is meant by the terms (a) apparent induc- 
tance, ( b ) capacitance, (c) resistance, and (d) effective height of 
an aerial. The apparent capacitance, inductance, and resis- 
tance of an aerial were found to be 250 /i/iF., 20 /iH., and 20 
ohms respectively at a wavelength of 300 m. A signal of this 
wavelength and of field strength 5 mV. per m. produced a 
p.d. of 1 volt across a loading coil of 5 ohms resistance inserted 
between the aerial and earth and adjusted to tune to the signal. 
Calculate the effective height of the aerial. 

( I.E.E. , May , 1932.) 

- 4. Outline the process of calculating approximately the 
capacitance of a proposed aerial, and describe how to measure 
this capacitance when the aerial has been erected. What 
capacitance would you expect to find (a) in a large aerial such 
as that at Bordeaux or Carnarvon, (6) in a typical aerial for 
broadcast reception? ( I.E.E ., Nov., 1932.) 

6. The effective height of a transmitting antenna is 75 m. 
and it is energized by a current of 20 amperes at 500 kilocycles 
per sec. A receiving antenna distant 20 miles from the trans- 
mitter has an effective height of 10 m., a capacitance of 300 
micromicrofarads and negligible inductance. It is tuned to 
resonance with a series inductance. The total resistance of the 
receiving antenna and coil circuit is 10 ohms. What is the 
potential across the coil ? Ignore the effects of absorption and 
assume the inverse-distance law of propagation. 

{I.E.E., May , 1933.) 

6. A transmitting aerial having an effective height of 

120 ft. takes a current of 10 amperes at 1 000 kilocycles. If 
a receiving aerial with an effective height of 50 ft. and an 
effective resistance of 4 ohms is erected at a distance of 
50 miles from the transmitter, estimate the current in the 
receiving aerial. State the assumptions made in any formula 
employed. Explain the formula and each step in the argu- 
ment. What complications, if any, would be introduced into 
the calculation if the distance between the transmitting and 
receiving aerials were 1 000 miles? ( L.U . , 1934.) 

7. A transmitting station has an aerial of 100 metres 
effective height carrying 200 A. at 100 000 c.p.s. A* receiving 
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station 50 miles distant has an aerial of 10 metres effective 
height which is tuned with a series inductance of lOmH. The 
.resistance of the receiving aerial circuit is 100 ohms. What 
voltage would appear across the inductance coil? 

(C. G. f Final , 1936.) 


28. FRAME AERIALS 

The voltage received in a frame aerial is given approxi- 
mately by 

E — (277 FA N /A) cos 0 volts 
where A = frame area in square metres, 

F = field strength in volts per metre, 

N = number of turns, 

A — wavelength in metres, 

6 = angle between the plane of the frame and the 
direction of propagation. 

This applies to loops of all shapes, provided that the 
loop is small compared with a wavelength. 

The exact expression is 

E = 2FHN sin [(nW/X) cos 0] 
where H — height of frame in metres, 

W = width of frame in metres. 

If the field strength is given in electromagnetic units it 
can be transformed to electrostatic units by the relationship 
1 gauss (line per sq. cm.) = 300 volts per cm. 

The voltage across the tuning capacitance C (micro- 
farads) if the circuit resistance is R is, at resonance, 

FAN 

v = mcR 008 6 volts - 

EXAMPLES 28 

1. A frame aerial has 20 turns of diameter 6 ft., the resis- 
tance of the coil being 2*5 ohms at 3 000 m. wavelength. If a 
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signal of this wavelength has a field strength of 30 microvolts 
per metre, what current will it produce in the coil when it is 
tuned to the signal? (I.E.E., Oct., 1926.) 

2. What are the advantages and disadvantages attending 
the use of frame aerials for reception purposes? In what way 
can a frame aerial be used as a means of determining the 
direction of a distant transmitting station? 

(C. cfe G., 1, 1928.) 

3. A frame aerial consists of 40 turns ; each turn is a square 
of 1*5 m. side, and the whole has an inductance of 9 000 micro- 
henries. The frame is tuned by a variable condenser. If the 
frame aerial has a resistance of 8 ohms, what will be the 
voltage across the condenser when the frame and condenser 
are tuned to resonance with an incoming field of 20 000 micro- 
volts per metre at a wavelength of 5 000 m. ? 

( C . & G., Final, 1929.) 

4. A loop of area 1 sq. m. and having 10 turns has its plane 
at 45° off the line of bearing of a distant station which produces 
an incident magnetic field of strength 10* 9 lines per sq. cm. at 
a wavelength of 1 000 m. Find the e.m.f. induced in the loop. 

( I.E.E., May , 1930.) 

5. A rectangular frame 100 cm. long and 50 cm. wide is 
mounted on an axis with its plane vertical ; it is wound with 
20 turns of wire. An incident signal has a magnetic field 
strength of 10 8 C.G.S. units and a wavelength of 300 m. 
Draw to scale a polar diagram of the e.m.f. induced in the loop 
as it is rotated through a complete revolution. 

(I.E.E., Nov., 1932.) 

0. A small frame aerial is connected across a calibrated 
variable condenser. A valve voltmeter is also connected 
across the condenser. The frame is placed so that its plane is 
inclined at 45° to the direction of a distant transmitting 
station sending a continuous dash on 100 000 cycles per 
sec. Maximum deflection of the voltmeter is obtained when 
the condenser is adjusted to 1 000 fi/j, F. The frame is then 
turned until its plane is in the direction of the transmitting 
station and the condenser adjusted to give An equal deflection 
on the valve voltmeter. The capacitance of the condenser is 
then 990 fxyF. What is the inductance and resistance of the 
frame aerial circuit? (C. & G., Final , 1933.) 

7. A frame aerial consisting of four turns wound on a 
square of 1 m. side has an inductance of 00 microhenries. It 
is placed with two of its sides vertical and with its plane in 
the direction of a transmitting station which gives a field of 
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10 millivolts per metre at 1 000 kilocycles per sec. If the frame 
has a resistance of 1 ohm at this frequency and is tuned by a 
variable condenser of negligible resistance, what will be the 
voltage across the condenser? Would the result be affected 
if the frame were placed with a diagonal vertical? 

(I.E.E., Nov., 1933.) 

8. Find an expression for the voltage induced in a frame 
aerial by a plane electromagnetic wave, and hence describe 
the directional properties of the frame aerial. Show how the 
expression can be simplified if the dimensions of the frame are 
small compared with the wavelength of the wave. 9 

( L.U. , 1934.) 

* 9. Describe a frame aerial. What are the properties which 
distinguish this type of aerial from a vertical type aerial? 

(C. G ., Prelim ., 1935.) 

10. Explain how and why a frame aerial can be used to 

indicate the line along which a plane electromagnetic wave is 
advancing. A rectangular frame aerial having 10 turns is 
150 cms. high and 100 cms. wide. The frame is placed with its 
plane vertical and at an angle of 30° with the direction of 
propagation of an electromagnetic wave having an electric 
field strength of 5 mV. per metre at 300 kc. per sec. Assume 
that the inductance of the frame is 500/iH., that its resistance 
is 1*5 ohms and that the circuit is closed by means of a con- 
denser whose capacitance is adjusted for resonance. Calculate 
the voltage across the terminals of the condenser, and the 
current through it. ( L.U. , 1936.) 

11. Explain how a frame aerial can be used for direction 

finding. A frame aerial consisting of 10 turns, each one metre 
square, is situated in a field of 10 mV. per metre and wave- 
length 300 metres. Find the maximum voltage that can be 
induced in the frame. ( I.E.E. , May , 1936.) 

12. Explain how a frame aerial is used for direction finding. 

A frame aerial is set up with its plane in the direction of a 
transmitting station. When tuned, a hot wire milliammeter in 
the frame circuit indicates 10 mA. If the frame is rotated 
through an angle of 45°, what will be the reading on the 
milliammeter? ( C . & G., Prelim., 1937.) 

13. A frame aerial 1 metre high and 1-5 metres wide consists 

of 16 turns of wire. The frame has a resistance of 10 ohms 
and an inductance of 800 microhenries. It is tuned to an 
incoming field of 10 microvolts per metre at a frequency of 
300 kc. per second. What will be the voltage across the 
terminals of the tuning condenser if the plane of the frame is in 
line with the sending station? ( C . & G., Inter., 1937.1 
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14. A frame aerial 1 metre high and 1 metre wide consists of 
20 turns of wire. The frame has a resistance of 12 ohms and an 
inductance of 1 mH. It is tuned to an incoming field of 
10 /uV. per metre at a frequency of 300 kc/s. What will be the 
maximum voltage across the terminals of the tuning condenser? 

(. I.E.E. , Nov., 1938.) 

15. Find the maximum e.m.f. induced in a frame aerial 

2 feet high by 1 foot wide and having 20 turns of wire by a 
signal of wavelength 800 metres and electric field strength 

3 mV. per metre. Prove any formula used. (L.U., 1938.) 

16. If a frame aerial of area 2 square metres has 20 turns of 
wire and its plane is 45° off the line of bearing of a distant 
transmitting station which produces an incident electric field- 
strength of 10 mV. per metre at a frequency of 0-5 Mc/s, 
find the e.m.f. induced in the frame. ( I.E.E. , May, 1940.) 

17. A frame aerial consists of 12 turns having a mean 

diameter of 60 cm. When the plane of the frame is inclined 
at an angle of 60° to the direction of propagation of a 300 
metre unmodulated wave, the capacitance connected across 
the frame aerial has to be adjusted to 240 jtifiV. to give the 
maximum reading on a valve voltmeter connected across the 
condenser. When the frame is turned so that its plane is 
in the direction of propagation, the reading on the voltmetei 
is limited to the original value of 015 volt by increasing the 
capacitance by 4*7 /z/zF. Calculate the field strength in volts 
per metre. ( L.U . , 1940). 

18. A frame aerial wound on a square frame of 1 m. side is 

placed with a diagonal vertical and with its plane directed 
towards a transmitting station operating on a wavelength of 
250 m. The aerial coil consists of 5 turns and has an induct- 
ance of 90 /zH. and a resistance at the above wavelength of 
1*5 ohms, while the field strength set up by the transmitting 
station is 10 mV. per metre. If the frame is tuned by a variable 
condenser of negligible resistance, calculate the voltage 
developed across this condenser. ( I.E.E. , May , 1941). 


29. AERIAL TUNING 

EXAMPLES 29 

1 . A receiving aerial has an effective capacitance of 200 micro- 
microfarads and negligible inductance. In series with it is 
placed a condenser of 800 micromicrofarads and an inductance 
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of 250 microhenries. What is the wavelength to which it is 
tuned? If the condenser is short-circuited, what additional 
inductance must be added to tune the aerial to 942 m. ? 

{C.&G., 1,1928.) 

2. An aerial tunes to 450 m. with an inductance of 100* 

microhenries in series and tunes to 600 m. with an inductance 
of 200 microhenries in series. What is the capacity and induc- 
tance of the aerial? ( C . & G., 1, 1932.) 

3. An antenna has a capacitance of 300 pp F. and an 
inductance of 30 //H. What series inductance must be added 
to tune it to a wavelength of 1 500 metres ? What alternative 
method can be used to tune the aerial? 

/ (C. & G., Prelim ., 1935.) 

4. An antenna has a capacitance of 400 jujuF . and an in- 
ductance of 60 yiiH. What series inductance must be added to 
tune it to a wavelength of 1 500 metres? What alternative 
method can be used to time the aerial? ( I.E.E. , Nov ., 1937.) 

5. The equivalent inductance and capacitance of an aerial 

circuit are measured by means of a transmitting wavemeter. 
It is found that with a loading inductance of 600 ^H. the 
natural wavelength of the aerial circuit is 400 in., and with a 
loading inductance of 200 yuH. the natural wavelength is 
300 m. Calculate the equivalent inductance and capacitance 
of the aerial. {I.E.E., May , 1939.) 


30. DIRECTION FINDING 

Reference. DIF Handbook for Wireless Operators , by 
Crook (Pitman); Wireless Direction Finding , by Keen (Iliffe 
& Sons). 


EXAMPLES 30 

1. A transmitting station which is due west of a small 

rotatable loop direction finder produces a maximum signal 
voltage of 0-5 volt. The sensitiveness of the receiver is such 
that a signal voltage of less than 0*025 volt cannot be per- 
ceived by the telephones. Assuming that zero signal does 
occur when the plane of the loop is north and south, over 
what range of scale can the pointer be swept without the trans- 
mitter becoming audible? {I.E.E., Nov., 1929.) 

2. Explain the principle of direction-finding and the cause 
of night errors. Describe technical details of the application of 
direction-finding systems to marine use. ( I.E.E. , May , 1930.) 

4— (T.35) 
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3. Describe any type of directional receiver with its 
associated aerial system. Explain how it is used to determine 
the direction of a distant transmitting station. 

# (C. & G., 1, 1931.) 

4. What are the relative advantages of Bellini-Tosi and 
rotating loop direction-finders? How are these systems used 
to determine sense? To what errors are these systems liable? 
Can these errors be overcome ? If so, how ? 

(C. c Sc G., Final, 1931.) 

5. Explain how an open aerial and a loop can be combined 
to give a heart-shaped polar diagram for reception. 

( I.E.E. , May, 1931.) 

6. Describe a direction-finding system suitable for use on 

ships. Give sketches showing the arrangement and screening 
of the coil and discuss the principles involved. Outline the 
rotating-beacon system used for giving a bearing to ships at 
sea. ( I.E.E. , May, 1932.) 

7. Describe, with diagrams, a frame aerial suitable for 
direction-finding on shipboard, and the method of correcting 
the errors due to the iron work of the ship. 

(I.E.E. , Nov., 1932.) 

8. Describe a method whereby the direction and sense of a 
distant transmitting station can be determined. 

( I.E.E. , May, 1933.) 

9. What are the causes of aberrations, other than instru- 
mental errors, in the direction determinations of Bellini-Tosi 
and rotating-loop direction-finders at night? What methods 
have been developed for countering these aberrations? 

(I.E.E., Nov., 1933.) 

10. What is the cause of night errors in rotating loop 
and \ Bellini-Tosi direction finders? Explain clearly how the 
Adcock aerial tends to obviate such errors. Give diagrams of 
the aerials and associated circuits for (a) rotating Adcock 
system, (b) fixed Adcock system. (C. & G., Final, 1934.) 

11. Find an expression for the voltage induced in a square 
vertical frame aerial as it is rotated about a vertical axis in a 
plane electromagnetic wave. Explain how direction-finding by 
wireless is achieved. Discuss briefly the errors which may 
occur and the methods of minimizing them. 

(I.E.E., Nov., 1935.) 

12. Give a detailed explanation of the determination of 
direction and sense of an incoming radio signal by means of a 
Bellini-Tosi or rotating loop direction finder. What are the 
relative phases of the resultant voltages impressed on the loop 
and vertical aerial? Why are bearings sometimes unreliable 
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(a) at night, and (b) in directions coinciding approximately with 
a coast-line? (C. & G., Final , 1930.) 

13. What are the relative advantages of Bellini-Tosi and 

rotating loop direction finders? State the errors to which 
these systems are liable. (I.E.E., Nov., 1936.) 

14. Describe with sketches the principles of operation of any 
type of direct-reading direction finder for indicating the 
direction of arrival of an incoming wave. 

(C. <fc G. 9 Final , 1937.) 

15. P, Q , R and & are four similar vertical aerials of an 

Adcock type direction finder. An incoming signal makes a 
varying angle a with the diagonal PR of the square so formed. 
Deduce a formula to show that, provided the distance apart 
of the verticals is small compared with the wavelength, the 
angular displacement of the rotating coil of the goniometer is 
a true indication of the value of a. ( C . <fc G\, 3, 1940.) 

31. AERIAL STRESSES 
Unloaded Aerial 

The maximum sag or dip at the centre is given by 
D = wl 2 /ST feet 

where l = length of aerial in feet, 

w = weight of single wire in lb. per foot, 

T = tension at lowest point in lb. 

The tension at the support is 

T, = T + wD 

Line Subjected to Wind 

If p = wind load in lb. per sq. ft. of projected area of 
wire, then the wind pressure per foot is 
P = pd / 12 lb. 

where d = diameter of wire in inches. 

Total load per foot 

W = V(P 2 + w 2 ) 

Hence, sag = W l 2 /ST feet 

EXAMPLES 31 

1. A receiving antenna is erected, comprising a horizontal 
portion with two parallel wires 6 ft. apart and 80 ft. long, and a 
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vertical down-lead 60 ft, in length. The weight of the wire 
used is 0 06 lb. per yd. run. The horizontal portion has a 
sag at the centre of the span of 5 ft. Calculate the pull in the 
halyard. ( I.E.E . , Oct.\ 1926.) 

2. State the various types of masts and towers used to 

support the antennae of land stations. Discuss the relative 
advantage of stayed masts versus self-supporting towers for 
various heights of structures. (C. G ., Final , 1931.) 

3. A 1 in. diameter steel wire rope having a safe working 
load of 10 tons supports an antenna between two masts 
1 200 ft. apart. If the weight of the rope is 9 lb. per fathom 
and the maximum load due to the antenna is 2 lb. per foot of 
span, what must be the initial sag in the rope if the safe working 
stress is not to be exceeded under an horizontal wind load of 
30 lb. per sq. ft. of projected area of the rope? 

(C. & G ., Firmly 1932.) 

4. A steel aerial tower 500 ft. high stands on a square base 

of 120 ft. side. The weight of the tower, including foundations, 
is 400 tons. The wind load on the antenna produces a force at 
the top of the mast normal to the direction of the wind equal 
to 0*5 v 2 lb. where v is the velocity of the wind in feet per 
second. The wind load on the tower itself produces a force in 
the direction of the wind equal to 1-5 v 2 lb. at a height of 
200 ft. from the ground. The foundation of the tower extends 
10 ft. below ground. If the resultant moment due to the above 
forces is parallel to one of the sides of the square base, what is 
the velocity of the wind, in miles per hour, which will cause 
the tower to overturn? (C. & G ., Firmly 1933.) 

5. Discuss briefly the relative advantages of self-supporting 

steel towers and stayed masts. Which type is cheaper to 
construct and erect? What means are adopted to counteract 
the tendency of steel towers or masts to distort the radiated 
field due to reflection? (C. & G. f Final, 1935.) 

6. A 1-inch diameter steel wire rope having a safe working 
load of 10 tons, supports an antenna between two masts 
1 000 ft. apart. If the maximum load due to the antenna is 
2*5 lb. per ft. of span, and the weight of the rope is 1*5 lb. per 
ft., what must be the initial sag in the rope if the safe working 
stress is not to be exceeded, under a horizontal wind load of 
25 lb. per sq. ft. of projected area of the rope? 

(I.E.E. , Nov., 1936.) 

7. In the last bay of an overhead route there are eight 
40-lb. copper conductors. The span is 60 yards and the dip at 
the centre of the span is 7*36 in. The terminal pole stay is 
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connected at the point of resultant pull 30 feet from the ground, 
and has a spread of 10 feet. What is the tension in the stay? 

( I.E.E. , May , 1937.) 

8. There is a difference of dip of 1 inch between two wires 

at the centre of a 60-yard span of 40-lb. cadmium-copper 
aerial route. The tension in the wire with the lesser dip is 
50 lb. What is the tension in the other wire? Calculate the 
dip of each wire. ( I.E.E. , Nov., 1938.) 

9. The poles of a particular open- wire route carrying 

20 copper wires of 150 lb. gauge are 25 ft. in height, have 
diameters at the top and at ground level of 8 in. and 10 in. 
respectively, and are spaced 60 yd. apart. If the resulting 
pull of the wires occurs at 22 ft. above ground level, calculate 
the bending moment at the foot of the poles due to a transverse 
wind pressure of 18 lb. per sq. ft. The diameter of 150 lb. 
gauge copper wire is 0-097 in. {I.E.E. , Nov., 1940.) 

32. SHORT WAVES 

Reference. Short Wave Wireless Communication , by Lad- 
ner and Stoner; Short-wave Radio , by Reyner (Pitman). 

EXAMPLES 32 

1. Write a brief account of the methods and progress of 

short-wave telegraphy. {I.E.E., Oct., 1927.) 

2. Discuss the possible application of an ultra-short- wave 
channel of communication, and describe briefly some experi- 
ments which have been made with ultra-short waves. 

{I.E.E., Nov., 1932.) 

3. Describe briefly the various devices that have been used 
to generate alternating currents of wavelength 1 m. or less. 
Explain what determines the frequency of such oscillations. 

( L.U. , 1933.) 

4. Give an account, with circuit diagrams, of the reception 

of short-wave signals, paying particular attention to the 
various methods for avoiding self-oscillation of the receiving 
circuit. (I.E.E., Nov., 1934.) 

5. Describe two methods of diversity reception suitable for 

short-wave telegraphy. Indicate the merits and demerits 
of each method. (C. & G ., Final, 1937.) 

6. Describe either a Magnetron or a Klystron valve suitable 

for generating very short wavelengths. Explain its mode of 
action. ( C . & G. s 3, 1941.) 
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33. PROPAGATION 

EXAMPLES 33 

1. Explain the causes of fading in the reception of short 
and medium waves. What methods are adopted in practice 
to minimize the effects of fading? 

{C. & G ., Final , 1933.) 

2. What are the causes of fading? What determines the 
minimum distance from a transmitting station at which 
fading is likely to be encountered ? How is this distance 
affected by wavelength and power of the transmitting station ? 

( I.E.E. , May , 1933.) 

3. How does the propagation of short waves, say below 
60 m. wavelength, differ from the propagation of long waves? 

{I.E.E., Nov., 1933.) 

4. What is meant by the term Heaviside layer? How can 
the height of the layer be determined? 

( I.E.E. , Nov., 1933.) 

5. What is the part played by the Heaviside layer in the 
propagation of short waves? Why is it necessary, in short- 
wave communication over long distances, to use longer waves 
during the night than during the day ? 

(C. & G ., Final , 1934.) 

6. Write a short account of the nature of electromagnetic 
waves and their propagation round the earth. 

{I.E.E., Nov., 1934.) 

7. What are the causes of fading — 

(а) In the case of medium- wave stations within range of 

the ground ray ; 

(б) in the case of short-wave stations beyond the range 

of the ground ray ? 

What methods are adopted in practice to combat fading? 

{C. & G., Final, 1936.) 

8. Discuss the nature of (a) a plane electromagnetic wave, 
(b) the electromagnetic wave from a half-dipole (ideal aerial). 

{I.E.E., Nov., 1936.) 

9. What grounds are there for believing in the existence of 
ionized layers in the upper atmosphere? Describe the methods 
adopted to determine the heights of such layers. 

{C: & G., Final, 1937.) 

10. Write a short essay on the influence of the ionosphere 
upon the propagation of. electromagnetic waves of various 
wavelengths ranging from, say, 15 to 3 000 metres. 

{L.U., 1940.) 
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34. INTERFERENCE , 

EXAMPLES 34 

1. Give a list of the methods in common use for minim izing 
the effects of atmospherics and other interference with a short 
statement of their effectiveness and limits of application. 

(C. G., Final , 1929.) 

2. What are the methods adopted in practice to reduce the 
effects of atmospherics and interference in reception (a) in the 
antenna system, (6) in the receiver? 

(C. G., Final , 1932.) 

3. Explain why some types of electrical machinery are liable 
to produce interference with radio reception. How is such 
interference transmitted ? Indicate any method or methods 
of suppressing interference from small direct current motors. 

(C. cfc G., Inter., 1934.) 

4. Explain how the interference to radio reception caused 
by industrial and domestic electrical plant can be prevented 
or minimized. Give typical methods of suppressing such 
interference in the case of — 

(а) a series d.c. motor, 

(б) a shunt d.c. motor, 

(c) a universal motor used on a.c. or d.c. circuits, 

( d ) a neon sign. 

(e) an oil-burning equipment of the automatic type. 

{C.&G., Inter., 1936.) 

35. REPRODUCERS AND MICROPHONES 

References. Elements of Loud Speaker Practice, by 
McLachlan (Oxford Univ. Press); Telegraphy and Telephony , 
by Mallett; Wireless , by Turner; Applied Acoustics, by Olson 
and Massa; Loud Speakers , by McLachlan. 

The force on the moving system is given by 
F = Alf 10 dynes 

where I — current in amperes in the coil, 

A = force factor in dynes per ampere. 

In the case of a telephone receiver, 

A = 2 BN/R 

where B — flux density in air gap due to permanent magnet,. 
N = total turns on both coils, 

R = reluctance of magnetic circuit 

In the case of a moving-coil speaker, 

A - Bl 
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where B = mean flux density in the gap, 

l = length of wire on the coil in cm. 

The motional impedance is given by 
A 2 X lCT* 

2 = — ; — j : ohms 

r + j (com -3/0)) 

where m = mass of moving parts in grams, 
s = stiffness in dynes per cm., 
r = mechanical resistance in dynes per cm. per sec. 

If the suspension in a moving coil speaker exerts a 
negligible control, 5 = 0, and 

z = A 2 /(r + jco?n)10 9 ohms. 

If the electrical resistance and inductance of the coil are 
R and L respectively, the total impedance is 

10~ 9 A 2 

R + W L + r + ](a)m - s/oj) 

If the coil has a velocity of v cm. per sec., its e.m.f. is 
E = Av/lW 

The displacement of the coil is given by 

U = v/o) = v/2irf — Al/lOcor dm. 

The resonant frequency is /= (1/2jt)\/(5/^) c/s. 

The decay factor is a = rf(2m). 

If R 8 is the resistance of a speaker when the cone is 
stationary and R f is the resistance when the cone is free, 
the motional resistance is R m = R f — R s and the efficiency 
is given approximately by rj — B m jR f . 

EXAMPLES 35 

1. Describe the construction and action of a telephone 
receiver. What determines the most suitable resistance for 
the windings of such a receiver in any particular case ? 

(C. dr G., 1, 1929.) 

2. Describe the telephone receiver and obtain an expression 

for its force factor. Why is an ordinary telephone receiver 
unsuitable for use as a loud-speaker ? (X. t7., 1929. ) 

3. Why does a telephone receiver respond most readily to 
currents of particular frequencies ? Describe any experimental 
means of determining these frequencies accurately. 

(L.U., 1930.) 
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4. Sketch roughly to scale any form of telephone receiver 

or loud-speaker. Give some idea of the magnitude of the 
currents and fluxes in operation. In what way does the 
motion of the moving part affect the impedance of the instru- 
ment? (LA 7., 1931.) ' 

5. Describe any microphone suitable for the transmission of 
broadcast signals and explain, with diagrams, how it is arranged 
to control the output of the station. (I.E.E., May , 1931.) 

0. Describe, with diagrammatic sketches, the principle of a 
moving-coil loud-speaker, and explain why the alternating 
motion of the coil may make the input reactance appear to 
be capacitative. The coil of a certain moving-coil speaker 
had an inductance of 0*2 H. and was wound with 300 m. of 
wire and moved in a uniform radial magnetic field. A simple 
harmonic voltage of constant value and frequency 500 cycles 
per sec. was applied to the coil. The e.m.f. produced by the 
movement of the coil could be varied by adjusting the exciting 
current of the magnet winding. It was found that the current 
through the coil rose to a maximum value of 10 mA. (r.m.s.) 
when the strength of the magnetic field was 5 000 lines per 
sq. cm. Calculate the amplitude of movement of the coil if 
the control due to the suspension was negligible. 

(I.E.E., Nov., 1931.) 

7. Compare the different requirements of microphones for 
service in a telephone installation and in a broadcast studio, 
and discuss how they are met by the 'instruments used. 

(L.TJ., 1932.) 

8. What is meant by the “motional impedance” of a 

telephone receiver? Give a theory of the telephone receiver 
showing how the motional impedance depends upon the 
electrical and mechanical design. (L.U., 1933.) 

9. Describe the construction of a telephone receiver and 
explain its action in the production of audible signals. Why 
is a condenser sometimes connected across a telephone, and 
when is the use of such a condenser advisable? 

( C . & 3., 1, 1933.) 

10. What is meant by the motional impedance of a telephone 
receiver? Explain how it would be measured and how the 
total impedance of the receiver wpuld vary with frequency. 

(Z.E.E., May , 1934.) 

1 1 . Describe with sketches the construction of a modern form 
of moving-coil loud-speaker. Explain the action, and find a 
formula from which the pull on the coil can be calculated. 

(I.E.E., May , 1934.) 

12. Compare and contrast the different duties of a telephone 
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receiver and a loud-speaker. A telephone receiver has 080 
turns on each pole of the permanent magnet, which gives a 
flux density in the air gap of 900 lines per sq. cm. The reluc- 
tance of the magnetic circuit to alternating fluxes is 0-8 c.g.s. 
'units. A moving-coil loud-speaker has a coil of 1 100 turns 
and diameter 2*5 cm. in a field of 1 400 lines per sq. cm. If 
the loud-speaker were fitted with a diaphragm identical with 
that of the telephone receiver, what would be the ratio of the 
currents required to give the same amplitude of vibration in 
the two cases? (L.U., 1934.) 

13. The impedance of a telephone receiver is measured in 

a bridge in which the arms adjacent to the receiver have 
resistances of 1 000 ohms and 800 ohms respectively, and the 
arm opposite the receiver has at balance a resistance of 8 000 
ohms in parallel with a capacitance of 0-2 microfarad. Find 
the resistance and inductance of the receiver, proving any 
formula used. ( I.E.E. , Nov., 1934.) 

14. Why is it desirable to use a permanent magnet in the 
ordinary telephone receiver? What happens if the permanent 
magnet of a telephone receiver is replaced by a soft iron core? 

(C. & G., Prelim., 1930.) 

15. Describe a method of ascertaining the effective mass and 
the effective stiffness of a telephone receiver diaphragm. The 
effective mass of such a diaphragm, when assembled in a 
receiver, is 1*4 grammes, and the effective stiffness is 54 X 10 8 
dynes per cm. Calculate the principal resonance frequency of 
the receiver. Explain why, and in what manner, the response 
curve of a receiver when held to the ear differs from that 
representing sound reproduction into free space. 

(L.U., 1936.) 

10. Write a theory of the action of a telephone receiver. If 
a current of 2*0 mA. through a receiver produces, at the 
resonant frequency of 1 000 c/s, a vibration amplitude at the 
centre of the diaphragm of 0*008 mm., and if the motional 
impedance at this frequency is 100 ohms and the decay factor 
is 120, find the force factor of the receiver and the equivalent 
mechanical constants of the diaphragm. (L.U., 1938.) 

17. Explain the operation of a moving-coil loud speaker, 

drawing diagrams to show (a) the magnetic circuit of the 
instrument, clearly indicating the direction of the magnetic 
flux, (6) the method of support of the cone and the attachment 
of the moving coil. (C. 6c G., 1, 1939.) 

18. Describe tests that should be carried out on a loud speaker 
to determine its suitability for use in a broadcast receiver. 

( L.U. , 1940.) 
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36. FILTERS AND ATTENUATORS 

References. Theory of Electrical A rtificial Lines and Filters , 
by Bartlett (Chapman & Hall); Electric Circuits and Wave 
Filters , by Starr (Pitman); Telegraphy and Telephony , by 
Mallett; Wireless , by Turner. 

Filters 

Let x be the series impedance and y the shunt impedance, 
and let g be the positive value of 1 + x/2 y. 

Then the attenuation constant is given by 
a = cosh- 1 g 

= i°gh [g + V(u 2 - 1) ] 

The attenuation = a nepers 

= 8-686a decibels. 

Recurrent Networks 



Balanced T or 


W&£M 


Balanced n or 


M section D section 


Fig. 8 







Series - derived T section Shunt-deri ved n section 


Fig. 10. Derived Type 


L y = mL C x = LJR 2 

L 2 — AL C 2 = LJR 2 

where m = \/{l - (f/F) 2 },A — (1 - m 2 )/4w, / is the cut-off 
frequency, and F is the frequency of maximum attenuation . 



Series ‘derived T section Shunt - derived n section 


Fig. 12. Derived Type 


L x = LI A C x = LJR 2 

L 2 = L/m C 2 = LJR 2 

where m — \/{l - (F//) 2 }, .4 = (1 - w 2 )/4w 
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Band-pass Filter 

l, ft 

o— — ''655W If 


Fig. 13. Con- 
stant-£ Type 



L x = 2R/((o 1 - o» 2 ) 

C\ = Ljm 

r L 2 — (coj - <o a )R/2to 1 (o t 
2 C 2 = LJR* 


Band-elimination Filter Li 

Ti = 2/?(« 1 - (o 2 )lo > x w 2 ^gygOT*— -j 

Ci = UJR 1 L_| I ] I 

L 2 — R/2(w l - (Of,) Q pz. 2 

C 2 = LJR* 1 X 

Fig. 14. Constant-/; Type "J" 2 

Attenuators 

T type. The series resistances A and B and the shunt 
resistance C to produce a loss of I) decibels between 
resistances P and Q respectively are given by 
C = [2V(PQN)]I(N-1) 

A + C = P(N + l)l(N - 1) 

B+C = Q(N + l)(N-l) 

where I )/ 10 = log N 

If P = Q, C = (2P y/N)/(N — 1) 
and A = B = P(\/N - 1 )/(yW + 1) 

II /jype. The series resistance C and the shunt resistances 
A and B to produce a loss of D decibels between resistances 
P and Q respectively are given by 

c = i(N- i) V(PQIX) 

1 1 A + 1/C =(N + 1 )/P(N- 1) 
l/B+l/C = (N + l)IQ(N-l) 

If P = Q, C = P(N - l)/2 V# 

and A — B = P(^N + l)/{y/N - l) 
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EXAMPLES 36 

L Give circuit diagrams of the following, and show by 
sketches the approximate magnitude of the attenuation pro- 
duced in the various ranges. 

(a) A low-pass filter; ( b ) a high-pass filter; (c) a band- 
elimination filter; ( d ) a band- pass filter. ( I.E.E., Oct ., 1926.) 

2. Give circuit diagrams of a low-pass filter, a high-pass 
filter, and a band-pass filter, and explain their various uses. 

( I.E.E. , Oct ., 1927!) 

3. Draw a diagram of (a) a low-pass, ( b ) a high-pass, and (c) a 

band-pass filter circuit, and explain the action of each type. 
Illustrate your explanation with a numerical example for a 
filter of one type. {I.E.E. , May, 1930.) 

4. Give an example of (1) a low-pass filter; (2) a high-pass 

filter, and (3) a band-pass filter, and find expressions for 
their cut-off frequencies. ( L.TJ . , 1931.) 

5. What is a wave filter? Give typical characteristic curves 
indicating the attenuation in respect to frequency in the case 
of high-pass, low-pass, and band-pass filters. How does the 
ratio of series impedance Z x to shunt impedance Z 2 in a 
filter determine its attenuation in respect to frequency? 

, {C. Sc G., Final, 1934.) 

6. A chain circuit consists of a number of T links having in 

each half of the horizontal part an inductance Z/2 and resistance 
R/ 2, and in the vertical part a capacitance C. Explain how 
the transmission properties of the circuit vary with frequency, 
and find expressions for the propagation constant and the 
cut-off frequency. {I.E.E., May, 1934.) 

7. An attenuator of T-type is required to produce a loss of 10 
decibels in a 600 ohm transmission line. Compute the values 
of the shunt and series resistances. (C. Sc G., Final, 1934.) 

8. Define the terms (a) decibel, and (6) neper. An attenuator 

inserted in a transmission line produces a loss of 60 decibels; 
what is this loss in nepers? {C. Sc G., Inter., 1935.) 

9. It is desired to insert a T-type low-pass filter having a 

cut-off of 3 000 cycles in a line of 600 ohms characteristic 
impedance. Compute the values of the series and shunt 
elements of a suitable filter section, assuming non-dissipative 
elements. {C. Sc G., Final, 1935.) 

10. Compute the values of the series and shunt elements 

of an H-type attenuator having a characteristic impedance 
of 600 ohms and a loss of 40 db. ( C . Sc G., Inter., 1936.) 

11. What is meant by a wave filter of (a) the constant-A: 
type, ( b ) the derived type? A high-pass filter for 600 ohms 
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terminations is required to cut off below 20 000 c.p.s. Compute 
the values of the shunt and series elements. 

(C. cfc G\, Final , 1936.) 

12. What are the requirements for an inductance coil 

intended to be used in a filter circuit? How are the require- 
ments met in modern practice? A simple three-stage, high- 
pass filter is to be inserted in a transmission line which has a 
characteristic impedance of 600 D /0°. The cut-off frequency 
is 500 c.p.s. Calculate the inductances of the coils and the 
capacitances of the condensers required. ( L . U ., 1936.) 

13. What is the effect of resistance in modifying the per- 

formance of wave filters? What are the conditions deter- 
mining the transmitting ranges and attenuating ranges of a 
wave filter? A single T-network having ZJ 2 as the value of 
each series impedance, and Z 2 as the value of the shunt im- 
pedance, is terminated with an impedance Z k . It is required 
that the input impedance must also be Z k . Find Z k in terms of 
Z x and Z 2 . ( C . cfe G„ Final , 1937.) 

14. Calculate the values of a three-element low-pass con- 
stants filter having a cut-off frequency of 1 000 cycles per 
second and a terminal impedance of 600 ohms, using (a) a 
T-section and (b) a n-section. 

15. Design a constant- A; low -pass filter to have a cut-off 
frequency of 796 cycles per second and a terminal impedance 
of 600 ohms, using (a) a T-section and (6) a II-section. 

16. Design an m-derived low-pass filter to have the same 
characteristics as that of the filter in the preceding question, 
using (a) a T-section and (6) a II-section. Take m to be 0-6. 

17. Design a composite low-pass filter having the same 
constants as in the preceding questions and comprising one 
simple section and one derived section, using (a) mid-series 
sections and (b) mid-shunt sections. 

18. Calculate the values of a three-element high-pass con- 
stants filter having a cut-off frequency of 2 000 cycles per 
second and a terminal impedance of 600 ohms, using (a) a 
T-section and (6) a II-section. 

19. Design a constant-A: high-pass filter to have a cut-off 
frequency of 796 cycles per second and a terminal impedance 
of 600 oluns, using (a) a T-section and (6) a II-section. 

20. Design an m-derived high-pass filter to have the charac- 
teristics of the filter in the preceding question, using (a) a 
T-section and ( b ) a II-section. Take m to be 0-6. 

21. Design a composite high-pass filter having the same 
constants as in the preceding questions and comprising one 
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simple and one derived section, using (a) mid-series sections 
and (b) mid-shunt sections. . 

22. A constant-^ band-pass filter terminated by 600 ohms 
has a lower cut-off frequency of 120 kc/s and an upper cut-off 
frequency of 123 kc/s. Calculate the values of the elements for 
(a) a T-section and ( b ) a II-section. 

23. A constant-A; band-elimination filter is required to sup- 
press frequencies between 1 000 and 1 800 cycles per second, 
and to have a terminal impedance of 500 ohms. Calculate the 
values of the elements of (a) a T-section and (6) a II-section. 

24. A symmetrical filter section of the T-type has series 

inductances of 100 mH. and a shunt capacitance of 1 fiF. 
Determine the cut-off frequency of the filter. Prove any 
formula employed. ( I.E.E. , Nov., 1939.) 

25. In a T-type attenuator designed to work into a load of 
600 ohms, each series resistance is 400 ohms. Compute the 
attenuation. 

26. In a 77-type attenuator designed to operate into a load of 
600 ohms, each shunt resistance is 1 000 ohms. Calculate the 
attenuation. 

27 . In an H-type attenuator matched to a transmission line of 
600 ohms impedance, each of the series resistances is 240 ohms. 
Calculate the attenuation. Determine, also, the value of the 
shunt resistance. 

28. Calculate the values of the series and shunt elements of 

a 7r-type attenuator having a characteristic impedance of 600 
ohms and a loss of 20 decibels. ( I.E.E. , May , 1938.) 

29. Draw the circuit diagram of a symmetrical H-section 
resistance attenuator. Derive formulae for such an attenuator 
and calculate the component resistances of a 20 decibel 
section of 600 ohms characteristic impedance. 

(I.E.E., Nov., 1938.) 

30. An attenuator of the T-type is required to give a loss 
of 20 db. in a transmission line having a characteristic imped- 
ance of 1 200 ohms. Calculate the values of the shunt and 
series resistances of the attenuator. (I.E.E., May, 1939.) 

31. Defme the transmission units “decibel” and “neper.” 
Show that a symmetrical T-section of pure resistances whose 
attenuation is 20 log A decibels has series resistances each 
equal to R(A — 1 )/(A + 1) and shunt resistance 2ARj(A 2 — 1), 
where R is the iterative resistance of the network. 

(I.E.E., Nov., 1940.) 
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37. POWER SUPPLIES 

References. Modem Rctdio Communication , by Reyner; 
Admiralty Handbook of Wireless Telegraphy . 

EXAMPLES 37 

1. Give a circuit diagram of a three-phase full- wave ther- 

mionic rectifier, using cooled anode valves suitable for furnish- 
ing high-tension direct current to a high -power valve trans- 
mitter. The anodes of the rectifier valves are to be worked at 
earth potential. Smoothing circuits are to be shown suitable 
for supplying the penultimate and final stages of the trans- 
mitter. The output of the rectifier is 200 kW. and the efficiency 
85 per cent. What will bfc the current taken from the supply 
mains at a power-factor of 0 8 if £he voltage of supply between 
phases is 400? (C. & G. y Final , 1933.) 

2. Describe fully how the necessary direct current for a 

large wireless transmitting station is obtained from a three- 
phase low-tension supply. ( I.E.E. , May , 1935.) 

3. The power supply to a transmitting station is 11 000 

volts, 50 c/s, three-phase. The short-wave transmitters, having a 
maximum output of about 60 kW., require an anode voltage 
not greater than 6 500 volts. Give an outline of the design of 
the power equipment. ( C . & G. y 3, 1940.) 

38. TRANSMISSION LINES 

Reference. Telegraphy and Telephony , by Mallett. 

The characteristic impedance of a line is 



where R , L y C and G represent the resistance (ohms), 
inductance (henries), capacitance (farads) and conductance 
(mhos) respectively per unit length of line. 

For high frequency currents, R and G become negligible 
in comparison with ouL and coC and 

Z = V(L/C), 

its angle being zero. 

If the characteristic resistance of a line is Z and the 
resistance of the load R f the reflection ratio is 
4r/(l + r)’ 
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where r = R/Z. The reflection loss is 

10 log [(Z+R) 2 /4:ZR) —20 log[(Z+R)/2y/ZR)] decibels 

Twin and Concentric Lines 

The characteristic impedance of a parallel-wire air line is 
Z — 276 log (S/r) ohms 

where S is the spacing and r is the radius of the conductors 
expressed in the same units. 

This usually lies between 400 and 800 ohms for practical 
values of the ratio S/r. 

The characteristic impedance of a concentric line is 
Z = 138 log (R/r) ohms, 

where R is the inner radius of the outer conductor and 
r is the outer radius of the inner conductor. 

This usually lies between 50 and 150 ohms for practical 
values of the ratio R/r. 

If the conductors are separated by a dielectric of per- 
mittivity k , the characteristic impedance is 

Z = (138/V^ log (R/r) ohms. 

Quarter-Wave Lines 

The impedance Z x measured at one end of a quarter - 
wave line which is terminated at the other by an impedance 
Z 2 is 

z^zj/z, 

where Z Q is the characteristic impedance of the line. 

In other words, a quarter- wave line matches two imped- 
ances Z 1 and Z 2 connected to its extremities if 
Zq = y/ (%i Z 2 ). 

EXAMPLES 38 

1. The attenuation of energy in a carrier transmission line 
is stated to be 16 transmission units. Assuming the line to be 
properly terminated without reflections, what is the ratio of 
the voltages at the two ends of the circuit? 

(/.E.E., Oct 1920.) 

2. A high-frequency transmission line consists of a pair of 
open wires having an inductance of 0-004 henry per mile and 
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a capacitance of 0 01 microfarad per mile. What is its char- 
acteristic impedance? If the line is connected to an antenna 
whose input impedance is 80/0 ohms, what will be the loss 
due to reflection? How can this loss be reduced? 

( I.E.E. , May, 1933.) 

3. Explain with a schematic diagram the working of a 

simple type of radio telephone link between two land line 
networks. Can such a system be worked on the same wave- 
length in both directions? What are the limitations of such 
a system? ( C . 6c G ., Inter., 1934.) 

4. Find the characteristic impedance of a telephone loop 

having a resistance of 10 ohms, an inductance of 12 mH., a 
capacitance of 0 010 /i F., and a leakance of 10‘ 5 mho, all per 
loop mile. {I.E.E. , Nov., 1934.) 

5. A high-frequency transmission line consists of a pair of 

open wires having a distributed capacitance of 0 0 1 /iF. per 
mile and a distributed inductance of 3 mH. per mile. What is 
the characteristic impedance of this line? Describe a suitable 
method for connecting this line to an aerial having an imped- 
ance of 100 ohms. (C. c fer G ., Final, 1935.) 

6. Describe, with a diagram, the apparatus necessary for 
the connection of a long distance radio-telephone link to the 
public telephone system. Why is it necessary to use a singing 
suppressor in such circuits? Describe a thermionic or electro- 
mechanical type of singing suppressor. 

(C. 6c G., Final, 1935.) 

7. Describe the method used to connect a radio -telephone 
link to a trunk telephone circuit where active stabilizing 
devices are not used. What are the limits imposed in such 
circuits to the maximum amplification which can be employed ? 

(C. 6c G., Inter., 1930.) 

8. An antenna array presents an impedance of 3 000 ohms 

to the transmitting line feeding it, which consists of two 
0*10 in. diameter copper wires, 9 in. apart. Calculate the 
dimensions of a suitable matching system between the antenna 
and the feeder. (C. 6c G., Final, 1930.) 

9. In a communication channel involving both wireless and 

land line, describe the circuit arrangements necessary at the 
junction of the two. [I.E.E. , May , 1930.) 

10. A high-frequency open-wire transmission line has a 

distributed capacitance of 0 02 microfarad per mile and a dis- 
tributed inductance of 7*2 mH. per mile. What is the char- 
acteristic impedance of the line ? Find suitable dimensions of a 
quarter-wave matching line to match this transmission line to 
a load of 200 ohms. (C. 6c G. t Final, 1937.) 
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11. A beam aerial is connected to a two-wire open trans- 

mission line. If the aerial at the junction of the transmission 
line has a resistance of 1 200 ohms, and the ratio of the distance 
between wires to the diameter of each wire is 50, design a 
device to match the aerial to the transmission line. If the 
device could not conveniently be located adjacent to the aerial, 
where would you place it? (C. G., 3, 1938.) 

12. A high-frequency open- wire transmission line has a 

distributed capacitance of 0 03 /iF. per mile and a distributed 
inductance of 10-8 mil. per mile. Calculate the characteristic 
impedance of the line. Find suitable dimensions of a quarter- 
wave matching line to match this transmission line to a load 
of 300 ohms. ( I.E.E. , Nov ., 1938.) 

13. A highly insulated coaxial cable is used as a radio- 

frequency transmission line. If the inner conductor has a 
diameter of J in. and the outer conductor an inside diameter 
of J in., determine the characteristic impedance of the cable. 
Assume that the spacer between the conductors has a permit- 
tivity of unity. ( I.E.E. , May , 1939.) 

14. Deduce an expression for the input impedance of a 
quarter-wavelength transmission line operating at radio 
frequency and terminated by a given impedance. Explain the 
significance of the result obtained when the far end of the line 
is (a) open-circuited, (6) short-circuited. Calculate the input 
impedance of a quarter-wavelength line operating at radio 
frequency, having a characteristic impedance of 90 /0° ohms 
and terminated by an impedance of 81 /30° ohms. 

JlE.E., Nov ., 1939.) 

15. The central conductor of a concentric cable feeding an 

aerial array has a diameter of T \j in. and the outer conductor 
an inside diameter of f in. If the permittivity of the low-loss 
dielectric which separates the conductors continuously along 
their length is 2*2, calculate the characteristic impedance of 
the cable. Describe, and explain the principle of, one method 
by which a feeder may be “matched” to an aerial system of 
different impedance. (I.E.E., A T ov., 1940.) 

39. MEASUREMENTS 

References. Radio Frequency Measurements , by Moullin; 
High Frequency Measurements , by Hund ; Measurements in 
Radio Engineering , by Terman; Radio Frequency Electrical 
Measurements , by Brown; A.C. Measurements , by Owen; 
Radio Frequency Measurements , by Hartshorn. 
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Inductance 

Self-inductance by resonance method ; 

L — 25 330 lf 2 C microhenries 
where f = frequency in Mc/s, 

C — capacitance in /li/u F. 

Effect of self- capacitance ; 

Apparent inductance L g == L/(l — corLC) 

4= L( 1 + co 2 LC) 

where L = true inductance of coil, 

C = self- capacitance of coil. 
Apparent mutual inductance between two coils ; 

M 9 = M[ 1 + <o 2 {L 1 C 1 + L 2 C 2 )] 
where M = true mutual inductance, 

L v L 2 — inductances of the coils, 

C v C 2 = self-capacitances of the coils. 

Capacitance 

Self-capacitance of a coil ; 

C = (h 2 C\ - tfCM* - /i 2 WF- 

where C x = tuning capacitance in pLfx F. at frequency f v 
C 2 — tuning capacitance in jufiF . at frequency / 2 . 
Using the harmonic method, i.e. when/ 2 — 2 j x 

Measurement of very small capacitance by the hetero- 
dyne method ; 

c = 2 fC/F. 

where C = oscillator capacitance, 

F = frequency at which the test is made, 

/ = change in beat frequency having due regard to 
sign. 

Resistance 

By the capacitance variation method ; 

R=(C t - CM2a>CM(I* - 1*) 
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where J 0 = induced current at resonance, 

I x = induced current at capacitances C x and 
C 2 on either side of resonance. 

If I 0 = A V 2, R = (C X - C 2 )I2coC x C 2 

By the frequency variation method ; 

R = LK~ co i )IV{(KIE 1 ) 2 - 1} 

where L = the inductance of the circuit, 

E 0 = condenser voltage at resonance, 

E x = condenser voltage at pulsatances a) x and a> 2 on 
either side of resonance. 

If Eq = E X \J 2, 7? = L(co x — CO 2 ). 

EXAMPLES 39 

1. Explain how an attenuator can be used in connection 

with a radio frequency oscillator and an audio frequency 
oscillator for measuring the amplification, selectivity and 
fidelity of broadcast receivers. (C. < fc G ., Inter ., 1934.) 

2. Describe any method of measuring the field strength 

due to a distant transmitting station. What approximately 
is the minimum field strength that can be measured by normal 
equipment? (C. & G ., Inter ., 1936.) 

3. Determine an expression which gives the effective 
inductance at any frequency of a coil of known self-capacitance. 
If the self-capacitance of a coil is 8 /z/zF. and its low-frequency 
inductance is 100 /ill., calculate its effective inductance 
(a) at 0*8 Mc/s, (6) at 1*6 Mc/s. 

4. Two coils, of inductances 50 /iH. and 200 /zH. re- 
spectively, are magnetically coupled. Determine the effective 
value, at a frequency of 2 Mc/s, of the mutual inductance 
between them if their self-capacitances are 5 and 7 fxjx F. 
respectively and the coupling coefficient is 0*05. Prove the 
formula used. Neglect the effect of mutual capacitance 
between the coils. 

5. An oscillator is tuned by a standard capacitor of 730 
/z/iF. to oscillate at 1 Mc/s : a heterodyne oscillator is tuned 
to a frequency a little below the first to produce a beat note of 
3 kc/s in a receiver which is coupled to both. On connecting 
a small capacitor in parallel with the standard, the beat fre- 
quency falls to 1*8 kc/s and increases with increase of the 
heterodyne oscillator frequency. Compute the value of the 
added capacitance and prove the formula used. 
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6. An oscillator, tuned by a standard capacitor of 500 fitiF., 
operates at 2 Mc/s: a heterodyne oscillator, tuned to a 
frequency a little below the first, produces a beat note of 
3 kc/s in a receiver which is coupled to both. On connecting 
a small capacitor in parallel with the standard, the beat 
frequency falls to 400 c/s and decreases with increase of the 
heterodyne oscillator frequency. Calculate the value of the 
added capacitance. 

7. A coil, tuned by a capacitance C , is loosely coupled 
to a high-frequency oscillator. The values of C to produce 
resonance at 1 Mc/s and 1*5 Mc/s are 794 and 350 fiu F. re- 
spectively. Determine the inductance and self-capacitance of 
the coil. 

8. A coil is tuned to a frequency of 700 kc/s by a capaci- 
tance of 250 nn F. : to tune the coil to the second harmonic 
of this frequency a capacitance of 55 /ujuF. is required. Calculate 
the self-capacitance of the coil. 

9. A coil tuned by a condenser C is loosely coupled to a 
high-frequency generator. The values of C to produce 
resonance at 1 Mc/s and 1-4 Mc/s are 800 and 400 yjn F. 
respectively. Find the self-capacitance of the coil. 

(I.E.E., May y 1938.) 

10. The voltage across an oscillatory circuit of inductance 
1 mH. when loosely coupled to a high-frequency oscillator and 
tuned to resonance is 4 V. : this decreases to 1*4 V. when the 
oscillator frequency is adjusted to 255 kc/s and to 247 kc/s 
for the same oscillator current. Compute the high-frequency 
resistance of the circuit. 

11. In the measurement of the resistance of a circuit at 
200 kc/s by the capacitance variation method, the two 
values of capacitance necessary to give a secondary current 
of half the resonant value were 471 and 495 [xy. F. respectively. 
Calculate the resistance of the circuit at this frequency. 

12. An oscillatory voltage of frequency 700 kc/s is intro- 
duced across a resistance of 0‘2 ohm in series with a 100 fx H. 
coil and a condenser tuned to this frequency : the “ Q” of the 
circuit is found to be 120. Determine the h.f. resistance of the 
coil if the series resistance of the condenser is negligible. 

13. In order to measure the resistance of a coil of 
negligible self-capacitance it is .connected in series with a 
thermo-milliammeter of 9 ohms resistance across a variable 
condenser. The circuit is then weakly coupled to a high-fre- 
quency source of 1 Mc/s. When the condenser is tuned to 
resonance, a current of 10 mA. flows in the circuit. The 
condenser is then adjusted above and below the resonance 
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frequency, until the current is 7*07 mA. The values of the 
condenser to give this current are 450 and 650 fxfi F., re- 
spectively. What is the resistance of the coil? 

(C. <Sc G., 2, 1937.) 

14. A coil of negligible self-capacitance is connected in 

series with a thermo-milliammeter of 8 ohms heater resistance 
across a variable condenser. The circuit is then loosely coupled 
to an h.f. source of 1 Mc/s. A current of 10 mA. flows in the 
circuit when the condenser is timed to resonance. The con- 
denser is then adjusted above and below the resonance fre- 
quency until the current is 7 07 mA. The values of the con- 
denser to give this current are 400 and 600 jujuF., respectively. 
Calculate the resistance of the coil. ( I.E.E. , Nov., 1938.) 

15. Describe one method of measuring the field strength due 
to a local medium-wave broadcasting station. State the 
approximate values of field strength that you would expect. 

(C. G., 2, 1940.) 

40. MEASURING INSTRUMENTS 

Reference. Radio Frequency Measurements , by Moullin 
EXAMPLES 40 

1. Describe with diagrams one type of field strength measur- 
ing set. What precautions are necessary in the construction 
of such a set? State how the set is used to measure fields. 

(C. cfc G., Final , 1931.) 

2. Describe some circuit arrangements suitable for a valve 
voltmeter and discuss for each the dependance of the calibra- 
tion on frequency and on wave-form. ( I.E.E. , May , 1932.) 

3. Describe with a diagram a valve voltmeter suitable for 

the measurement of high-frequency potential differences of 
the order of 01 volt. How would you calibrate such an 
instrument? ( I.E.E. , Nov., 1933.) 

4. Describe a valve-wattmeter method of measuring powers 
of telephonic frequency and magnitude. (I.E.E. , May , 1934.) 

5. Describe two types of ammeters suitable for measuring 
high-frequency currents of the order of 10 amperes. Mention 
any characteristics of these instruments. How do they behave 
when supplied with direct current or low-frequency alternating 
current? What would be the scale reading when the meter 
was supplied with 5 amperes r.m.s. of high-frequency current 
superimposed on 5 amperes of direct current? 

( C . & G ., Inter., 1935.) 
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41. A.G. BRIDGES 



^References. Alternating Cur- 
rent Bridge Methods , by Hague 
(Pitman). 

Maxwell Inductance Bridge 

, QL, 



Maxwell L/C Bridge 

L = CQS 



Hay Bridge 

CQS 

1 + (ojCPf 
PQS {oiCf 
1 + (coCP) 8 



Fio. 15 
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Series-resistance Capacitance 
Bridge 




Parallel-resistance Bridge. 
The same formulae are applic- 
able if R and 8 are in parallel 
with C and K respectively. 


Wien Bridge 







Carey Foster Bridge 

M = CP (R-+ S) 

l=.m(\ + |j 

Heaviside-Campbell Equal-ratio 
Bridge 

If P = Q 

L = 2 ( M - m) 

R = S-s 

where m, s are the readings 
obtained with L, R short- 
circuited. 

Fig. 16 
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EXAMPLES 41 

1. In a Hay bridge, one arm consists of a 1 n F. capacitor 
in series with a resistance of 32 ohms. The two adjacent arms 
contain resistances of 597 and 37 ohms respectively. Calculate 
the inductance and effective resistance of the coil if the pulsa- 
tance used is 5 000. Prove any formula used. 

2. In a Maxwell bridge the resistance in two opposite arms 
are 2 000 and 750 ohms respectively. The third arm consists 
of a capacitance of 0-05 microfarad in parallel with a resistance 
of 40 000 ohms. Deduce the conditions for balancing this 
bridge and calculate the inductance and resistance of the coil 
under test. 

3. A Schering bridge, used to test a condenser, comprises a 
standard capacitor of 0*05 microfarad, a non-inductive resist- 
ance of 20 000 ohms in the opposite arm, and a third arm 
consisting of a capacitance of 300 micromicrofarads in parallel 
with a non-inductive resistance of 1 200 ohms. Calculate the 
capacitance and power factor of the condenser at a frequency 
of 1 kc/s. 

4. In an Anderson bridge for the measurement of the induct- 
ance of a coil, the three resistive arms of the bridge are 100, 100, 
and 1 000 ohms respectively. A capacitance of 0*2 microfarad 
is connected to the junction of the two latter and a resistance 
of 210 ohms to the junction of the two former. Calculate the 
inductance of the coil and prove the formula used. 

5. In an Owen bridge, each capacitance is 0-2 microfarad 
and the resistance in series with one of them is 2 047 ohms ; 
in the arm opposite to the latter is a resistance of 100 ohms 
while the remaining arm comprises a resistance of 89 ohms in 
series with the coil under test. Calculate the inductance and 
resistance of the coil and prove the formulae used. 

6. In a Wien bridge, the ratio arms consist of resistances of 
200 and 100 ohms respectively. Opposite to the latter is a 
capacitance of 0*01 microfarad in series with a resistance of 
100 ohms. If the frequency of the bridge is 796 c/s, calculate 
the capacitance and shunt resistance of the capacitor forming 
the fourth arm. Prove any formula used. 

7. In a Carey Foster bridge used for measuring the mutual 
inductance between two coils, a fixed capacitance of 0*35 
microfarad is used. With a standard resistance P of 100 ohms 
in the primary circuit, the resistance R in series with the 
secondary is 440 ohms to secure balance, while if P is 200 ohms 
R is found to be 200 ohms. Calculate the mutual inductance 
of the coils and prove the formula used. 
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42. CATHODE-RAY TUBES AND 
TIME BASES 

References. Cathode-Ray Tubes , by M. von Ardenne; 
Cathode-Ray Oscillography , by McGregor-Morris ; The Cathode- 
Ray Tube , by Parr; Cathode Ray Oscillographs , by Reyner; 
Cathode-Ray Tubes , by Watson-Watt ; Time Bases , by Puckle. 


Cathode-ray Tubes 

Electric deflection = 


0-5 /XZ 
tt — cm 


where V = p.d. between anode and cathode in volts, 

r = electric deflecting force in volts per cm. — v/d, 
v = p.d. between deflector plates in volts, 
d — distance between deflector plates in cm., 

L — distance from centre of plates to screen in cm. 

I — length of plates in direction of beam in cm. 

Magnetic deflection =—^-cm. 

where V = p.d. between anode and cathode in volts, 

// — magnetic deflecting force in oersteds, 
t = length of electron path through the field in cm., 
L = distance from centre of field to screen in cm. 

If the whole of the beam lies in the magnetic field, then 


Magnetic deflection 


0-15 H1? 
VV 


cm. 


Linear Time Bases 


(1) Neon type with fixed resistance. 

Sweep frequency / == ~ kc/s 

where T — CR logh y y * . 

C is the charging capacitance in ^F., 

R is the charging resistance in Hi, 

V is the d.c. supply voltage, 

V 9 is the striking voltage of the lamp, 

V 4 is the extinction voltage of the lamp. 
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(2) Soft- valve type with constant charging current. 
Sweep frequency / = jjy kc/s. 

C is the capacitance in juF., 

I is the charging current in mA., 

V is the difference between the striking and extinction 
voltages. 

(3) Multivibrator type. 

Recurrence frequency / — — kc/s 

where T = C l R 1 logh — + C 2 R 2 logh — 

V 1 V 2 

C is the grid capacitance in ^F., 

R is the grid resistance in &Q, 

V is the static p.d. across the anode resistance, 
v is the static cut-off grid bias (V = 0). 

The suffixes relate to the respective valves. 


EXAMPLES 42 

1. In a cathode-ray tube, the length of the deflecting plates 
in the direction of the beam is 1-27 cm., the spacing of the 
plates is 0*475 cm. , and the distance from the centre of the 
plates to the screen is 20 cm. Calculate the approximate volt- 
age between plates to produce a deflection of 1 cm. on the 
screen if the potential between anode and cathode is (a) 150 
volts, ( b ) 300 volts. 

2. In a cathode-ray tube employing magnetic deflect ion, the 
distance from the centre of the coils to the screen is 20 cm. 
and the magnetizing force produced by the coils is 1*2 oersteds 
along a distance of 4*3 cm. in the direction of the. beam. Cal- 
culate the approximate deflection produced when the anode 
voltage is (a) 100 volts, (b) 400 volts. 

3. The spot of a cathode-ray tube is displaced vertically by 
a magnetizing force of 2 oersteds. Calculate the potential 
which should be applied to the horizontal deflecting plates, 
which are 0*5 cm. apart, to return the spot to the centre of the 
screen. The anode voltage is 400 and the length of the deflect- 
ing plates is the same as that of the magnetic field. 



PROBLEMS IN RADIO ENGINEERING 119 

4. A cathode-ray tube, supported with its axis vertical, has 
an anode potential of 625 V. If the distance from the anode 
to the screen is 25 cm., calculate the deflection of the spot due 
to the earth’s field (H — 0*18). 

5. In a simple neon time base, the charging resistance and 
capacitance are 0*3 megohm and 0-016 microfarad respectively. 
The neon lamp strikes at 170 V. and is extinguished at 140 V. 
Calculate the time constant of the charging circuit and the 
approximate frequency of the time base if the supply voltage 
is 200. 

6. A linear time base employs a saturated diode in conjunc- 
tion with a gas triode. The striking voltage and the internal 
volt drop of the latter are 270 V. and 20 V. respectively. If the 
diode charging current is 5 mA. and the capacitance is variable 
from 0-001 to 1-0 microfarad, calculate the sweep frequency 
range of the time base. 

7. In a symmetrical multivibrator, with a high-tension 
supply of 250 V., each valve has an anode voltage of 110 V. 
with the coupling capacitor removed, while the static cut-off 
grid bias is 20 V. with full anode voltage. Calculate the recur- 
rence frequency if -each grid capacitance and resistance are 
0-006 fx F. and 50 k Q, respectively. 


43. WAVEMETERS 

EXAMPLES 43 

1. Describe the construction and use of any form of wave- 
meter, and give an outline of a means of its calibration. 

(C. <fc G., 1, 1926.) 

2. Describe how a wavemeter may be accurately calibrated 

by reference to a timing fork. ( C . G ., Final , 1926.) 

3. A tuning fork is maintained in oscillation at 2 000 cycles 
per sec., and by means of a triode it produces a current in 
which higher harmonics are observable. This current induces 
an e.m.f. in a heterodyne wavemeter tuned by a variable 
capacitance C. It is known that when C — 114 millimicro- 
farads the wavelength is approximately 16 000 m. Heterodyne 
screams are observed with their centres of silence at 146-0, 
115-3, 80-0, 50-0, and 35-5 millimicrofarads respectively. Plot 
a calibration curve of the wavemeter, and from it read the true 
wavelength at 114 millimicrofarads. (JJEM?., Nov.> 1029.) 
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4. Describe how to calibrate a wavemeter from the harmonics 
of a source of known frequency. Illustrate the procedure by 
numerical examples. (I.E.E., May , 1930.) 

6. Describe the construction and method of use of a wave- 
meter, suitable for use at a transmitting station, for measuring 
the wavelength of both spark and C.W. transmitters. 

(C. & G., 1, 1931.) 

6. Describe, with diagrams, an apparatus with which a Wave- 
meter can be calibrated in terms of a standard tuning fork. 

( I.E.E., May , 1931.) 

7. Describe the process of calibrating a wavemeter by means 

of harmonic ratios and a single standard transmission of 
known frequency. ( I.E.E . , May, 1932.) 

8. Describe the construction and principle of action of a 
resonant type wavemeter suitable for measuring the wave- 
length of a spark transmitter. What precautions should be 
taken to minimize error when using the instrument ? 

(C. & G., 1, 1933.) 

9. A wavemeter consists of a variable condenser having a 

range of from 50 to 1 000 micromicrofarads and two coils of 
300 and 100 microhenries respectively. If the coils are fixed 
so that their mutual inductance is 25 microhenries, what 
range will the wavemeter have when the coils are used (a) in 
series aiding, (6) in series opposing, (c) in parallel aiding, ( d ) in 
parallel opposing? ( I.E.E. , Nov., 1933.) 

10. Describe the construction of simple type of wavemeter 

suitable for measuring the wavelength of a spark or I. C.W. 
transmitter. How would you use such a wavemeter in con- 
junction with a buzzer and inductance to compare the capaci- 
tances of two condensers? (C. & G ., Prelim,., 1935.) 

1 1 . Describe a simple type of resonance wavemeter. If the 

condenser of the wavemeter is variable from 50 to 450 micro- 
microfarads, calculate the values of the inductances required 
to permit the wavemeter being used over a wave band of from 
100 to 2 000 metres. (C. < fc G., Prelim., 1937.) 

12. Describe a suitable type of wavemeter to give an 

approximate check upon the frequency of a short-wave 
transmitter. ( C . G., f 2, 1941.) 


44. TELEVISION 

References. Television, by Reyner (Chapman & Hall); 
Television , by Zworykin and Morton; Principles of Television 
Engineering , by Fink ; Television Engineering, by Wilson. 
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The frequency band required for a picture scanned along 
its longer dimension is 

/ = pZV/2 

where p = rate of picture repetitions, 

l = number of scanning lines per picture, 
r = ratio of longer to shorter dimension of the 
picture. 

EXAMPLES 44 

1. Find the frequency band necessary to be transmitted in a 

30-line scanning system with a picture ratio of 2-4 and a scan- 
ning speedpf 12*5 per sec. % ^ 

2. Calculate the permissible scanning speed per second for 
a 60 by 72 element picture to keep the frequency band within 
45 kilocycles. 

3. Determine the wavelength for the transmission of a 
120-line system, with a picture ratio of 4/3 and 20 picture 
repetitions per second if the frequency band is to be about 
0-45 per cent of the carrier frequency. 

4. Assuming double side-band transmission, calculate the 
band width necessary in a 405-line system with 25 pictures per 
second and a picture ratio of 4/3. 


45. ACOUSTICS 


References. Applied Acoustics, by Olson & Massa 
(Blakiston); Modern Acoustics , by Davis (Bell); Acoustical 
Engineering , by West (Pitman). 


The reverberation time for a room in which the average 
absorption coefficient is less than 0-2 is given approxi- 
mately by Sabine’s formula — 


T = 


005 V 

a i$l + a 2^2 + • • • 


0057 

ZaS 


seconds 


where V = volume of room in cubic feet. 

a lt a 2 = absorption coefficients of the various surfaces 
of areas S v S 2 square feet. 

For rooms in which the average absorption coefficient is 
greater than 0-2, use may be made of Eyttng’s formula — 


T = 


- 0 - 021 V 
S log(l - a) 


5 — (T.35) 
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where 


_ 4" ^2^2 4“ 

a_ + s 2 + . 


and $ = &! 4~ 4- 

or Millington’s formula — 

0021 F 


T = - 


S x log(l-a 1 )4- S 2 log(l 
0021 F 
IS log( 1 - a) 


a 2) + 


EXAMPLES 45 

1. An auditorium has a volume of 260 000 cubic feet. The 
concrete floors occupy 9 600 square feet, the plaster walls and 
ceiling 26 000 square feet, curtains 800 square feet, and wood 
seats 7 500 square feet. The absorption coefficients of the 
materials are 0 0 15, 0 033, 0-25, and 0 04 respectively. Cal- 
culate the reverberation time of the hall when empty. 

2. The auditorium in the preceding problem has a seating 
capacity of 1 500. Assuming that the absorption of the 
audience per person is 4-7 units, calculate the reverberation 
times when the hall is (1) one-third full, (2) two-thirds full, 
and (3) full. 

3. If the seats in the hall of the preceding questions are 
upholstered to raise the absorption coefficient to 0-3, And the 
reverberation times of the room when it is (1) empty, and (2) 
two-thirds full. 

4. A room 21 feet long, 18 feet wide, and 8 feet high has its 
walls and ceiling covered with material having an absorption 
coefficient of 0*7 and the floor covered with material having 
%Pl absorption coefficient of 0-4. Find the reverberation time, 
using (a) Eyring’s formula and ( b ) Millington’s formula. 


46. MISCELLANEOUS 

EXAMPLES 46 

1. Write a short account of one of the following — 

(a) The quartz-crystal oscillator. 

(b) Reception by super-heterodyne. 

(c) Progress in short-wave working. 

(C. cfc G., Final , 1926.) 
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2. Write a short account of the causes and effects of corona. 

In what respects do these phenomena affect the design of a 
wireless station? ( I.E.E. , Oct., 1926.) 

3. Describe the action of one type of frequency changer as 

used on a radio transmitter. (C. & G., Final , 1-928.) 

4. Describe, with sketches, either (a) any type of automatic 
call device, or (b) a Wheatstone transmitter and receiver. 

( C . <Sc G., Final , 1928.) 

5. What is the Armstrong super-regenerative circuit? For 
what range of frequencies is it most suitable? What are the 
advantages and disadvantages of this circuit? 

(C. & G., Final , 1928.) 

6. Describe the effect of eddy currents in conductors 
carrying high-frequency currents. State what steps are taken 
in practice to minimize these effects. ( C . & G., 1, 1929.) 

7. An alternator having a terminal voltage of 120 volts 

(r.m.s.) is connected to the primary of a transformer having 
a primary to secondary ratio of 1 to 30. A resistance of 
5 000 ohms is connected across the secondary terminals. What 
is the primary current and what is the equivalent resistance 
in the primary circuit? ( C . & G ., 1, 1929.) 

8. Describe the difficulties and advantages of using one 
wavelength for several neighbouring broadcasting stations. 

{I.E.E.,’ Nov., 1929.) 

9. Explain how sustained vibrations of a tuning fork may be 

obtained without the use of contacts. Outline the design con- 
ditions necessary for success. State any uses to which the 
device may be put. (L.U., 1930.) 

10. Describe some mountings suitable for longitudinal and 

for transverse quartz resonator crystals. Discuss the mount- 
ings and types of resonator in respect of temperature co- 
efficient, uniqueness of response, and effect of atmospheric 
conditions. ( I.E.E. , May, 1930.) 

11. Why is the high-frequency resistance of an inductance 
coil higher than the d.c. resistance? State the methods that 
are adopted to reduce the high-frequency resistance in coils. 

(C. G., 1, 1931.) 

12. Describe two types of static frequency changer or 
frequency multiplier used for high-frequency transmitters. 
What are the advantages and disadvantages of such apparatus ? 

(C. G ., Final, 1932.) 

13. Show roughly by means of a sketch the current density 
in a solid cylindrical conductor when carrying a high-frequency 
current, and explain the reason for any variation in, density. 
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What steps are taken in practice to avoid excessive losses and 
uneconomical use of material in high-frequency conductors? 

(C. & G., 1, 1933.) 

14. Describe with sketches the construction and method of 

operation of any type of automatic alarm device in actual use ; 
on ships. (I.E.E., May, 1933.) 

15. Describe the construction of two types of high-value 

resistors used for high-frequency receiving circuits. What 
precautions are taken in practice to reduce the self-capacitance 
of such resistors ? ( I.E.E. , Nov., 1933.) 

16. Describe the construction of an L.F. iron cored trans- 
former. What effect has an air gap in the magnetic circuit on 
the performance of a transformer? (C. & G., Prelim ., 1935.) 

17. What methods are adopted to reduce eddy current losses 
in (a) inductances, ( b ) iron cores used for L.F. transformers, 
(c) iron cores used for H.F. transformers? 

(C. & G., Prelim., 1935.) 

18. Describe the principles and mode of operation of any 
type of distress call apparatus in use at the present day. 

(C. & G., Inter., 1935.) 

19. Describe, with a sketch, the construction and action of 
a cathode-ray tube. Give a diagram of a circuit for producing 
a time base for use with a cathode-ray tube. 

( C . cfr G, Final, 1935.) 

20. What is the difference between a potential transformer 

and a current transformer? Why must the latter type of 
transformer always be worked with the secondary winding 
connected across a very low impedance? A transformer 
having 1 000 turns on the primary winding and 200 turns on 
the secondary winding has a resistance of 250 ohms connected 
across the secondary terminals. What is the apparent a.c. 
resistance of the transformer and resistance measured across 
the primary terminals? ( C . & G ., Prelim., 1936.) 

21. The output from a frequency multiplier contains 4 A. 

r.m.s. at fundamental frequency, 5 A. r.m.s. at double the 
fundamental frequency and 3 A. r.m.s. at three times the 
fundamental frequency. What current would be indicated on a 
hot-wire ammeter? ( C . & G., Inter., 1936.) 

22. Two solid copper wires, one very thin and the other 
many times thicker, are of such lengths that their resistance 
is the same to low-frequency currents. Would you expect 
their resistances to change to the same extent at very high 
frequencies? Give reasons foy your answer. 

( C . <fc G 1, 1940.) 
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47. RADIO SERVICE WORK 

References. Wireless Servicing Manual , by Cocking; 
Radio Service Manual , by Harris ; Principles and Practice of 
Radio Servicing , by Hicks. 

EXAMPLES 47 

1. How does an alternating current differ from a direct 
current? Define frequency, peak voltage, and r.m.s. voltage 

(C. & G., 1, 1938.) 

2. The following quantities have to be measured — 

(a) h.t. voltage applied to the anode of a valve; 

(b) l.t. voltage applied to the filament of a valve; 

(c) anode current. 

In each case state the type of meter you would use, and give 
a suitable diagram of connections. ( C . & G., 1, 1938.) 

3. A valve connected to a heater circuit and with a fixed grid 

bias is connected in series with a 50 000-ohm resistance to 
a high-tension supply of 200 volts. The p.d. measured from 
anode to cathode is 80 volts when a voltmeter of 100 000 ohms 
resistance is employed. What is the resistance within the valve 
between anode and cathode? ( C . G ., 1, 1938.) 

4. Explain how you would test two of the following com- 
ponents — 

(а) I jow- frequency transformer. 

(б) Mica dielectric fixed condenser 0-0005 mfd. 

( c ) Medium-wave timing coil. 

( d ) A mains-energized moving-coil loud-speaker. 

(e) Carbon track potentiometer volume control. 

(C. G., 1, 1938.) 

5. A 1 -ampere fuse is connected in series with the primary 
winding of a mains transformer which has 400 primary turns 
and 1 000 secondary turns. What would be the open circuit 
secondary voltage when the primary is connected to 200- volt 
mains? What is the maximum current which may be taken 
from the secondary winding before the fuse will blow? 

(C. & G., 1, 1938.) 

6. Sketch the essential parts of — 

either (a) a permanent magnet moving-coil loud-speaker, 
or {b) a permanent magnet gramophone pick-up. 

Describe the operation of the example chosen. 

(G. G., 1, 1938.) 

7. How do electrolytic condensers differ from those of the 
ordinary paper and mica types? What advantage have they? 
Under what circumstances are they preferable to other types? 



126 


PROBLEMS IN RADIO ENGINEERING 


How would you test an alleged faulty electrolytic condenser of 
8 mfd. capacity, designed to work in a 450-volt circuit? 

(G. G., 1, 1938.) 

8. Compare the behaviour of a condenser, connected in a 

d.c. circuit, with one of a similar capacity connected in an a.c. 
circuit. What effect has frequency upon the result when 
considering the a.c. case? ( C . G., 1, 1938.) 

9. You are installing wireless apparatus in a house which has 

a telephone, hot and cold water systems, gas, and metal-clad 
electricity installation. Which of these, if any, would you 
employ for your earth connection ? Give reasons for not 
choosing the others. (G. (Sc G., 1, 1938.) 

10. Draw a circuit of a diode rectifier valve connected to an 

a.c. supply. Show where the d.c. voltage can be measured, also 
indicate its polarity. Give an explanation of the rectifying 
action. ( C . (Sc G., 1, 1938.) 

11. Given a multi-range meter, h.t., l.t., and g.b. batteries, 
detail all the tests you would apply to a directly heated triode 
valve. Illustrate one of the tests by a circuit diagram. 

( C . (Sc G., 1, 1938.) 

12. An a.c. receiver, operating from 200-volt mains, employs 

four valves of the 4- volt 1 -ampere class. The total h.t. 
(unsmoothed) is 80 milliamperes at 300 volts. Both h.t. and 
l.t. are taken from the mains via a suitable transformer. How 
many watts does the primary winding consume? Why is the 
answer only approximate? ( C . (Sc G., 1, 1938.) 

13. An indirectly heated valve is self- biased by a 1 000*qhm 
resistance connected between cathode and h.t. negative, th« 
grid return being taken to h.t. negative. The valve passes 
30 milliamperes anode current under normal conditions. What 
is the bias voltage developed across the cathode resistance? 
If a replacement resistance has to be fitted, would a £-watt 
type be satisfactory? Give reasons. (G. & G., 2, 1938). 

14. Describe how a moving-coil meter with 100-ohm coil 
and a full scale deflection of 1 milliampere could be made to 
read — 

(a) 250 volts full scale. 

(b) 100 milliamperes full scale. (C. (Sc G., 2, 1938.) 

15. Taking as an example a radio receiver with h.f. amplify- 

ing valve, detector, and l.f. amplifier, describe briefly alterna- 
tive methods of controlling volume. Illustrate by simplified 
circuit diagrams. (G. <Sc G., 2, 1938.) 

16. A valve is rated to consume 2 milliamperes at 50 volts. 
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The full h.t. voltage is 250. What value dropping resistance 
should be employed to operate the valve at its correct anode 
.voltage? Calculate the wattage of this resistance. 

( C . & G., 1, 1939.) 

17. The following condensers are available, each of “500 
volt d.c. working” type — 

0*002 microfarad. 

0*003 

0*005 

0*006 



Fig. 17 
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How can a capacity of 0*004 microfarad be made up from 
these condensers? On what d.c. voltage would it be safe to 
use the condensers grouped in the way you propose? 

(C. & G., 1, 1939.) 

18. Is it usual to fit mains transformers in a.c./d.c. receivers? 

Give reasons. What special principle is there in connection 
with the supply to the heaters of valves in these receivers? 
Why is it necessary? (C. & <7., 1, 1939.) 

19. Sketch the connections to a triode valve when used 

as an amplifier. Give a brief description of the amplifying 
action. How would negative grid bias be applied and why is 
it necessary? (C. & G., 1, 1939.) 

20. There are in general use three methods of radio fre- 

quency rectification employing thermionic valves. What are 
these methods? Describe one in detail, showing graphically 
how low-frequency signals are produced as a result of 
rectification. ( C . & G.> 1, 1939.) 

21. What would you say were the three commonest faults 
met in — 

either (a) a permanent magnet moving-coil loud-speaker, 
or (ft) a magnetic type of gramophone pick-up? 

How would you repair these faults? ( C . & G 1, 1939.) 

22. Describe briefly the functions of each valve in the re- 

ceiver circuit given in Fig. 17 : at the same time suggest suit- 
able valve types. Should VI have any special characteristics? 
If so, why? (C. & G.y 1, 1939.) 

23. Which controls affect the volume of signals obtained 

from the loud-speaker? How does each of these controls 
function? (C. <fc G., 1, 1939.) 

24. A receiver of the type shown is employed in a radio- 

gramophone. Satisfactory radio signals are received but the 
gramophone does not operate. Give a list of the parts you would 
check and indicate the sequence of checking in order to locate 
the fault. (C. G., 1, 1939.) 

25. What components in the receiver would you suspect 
when — 

(a) No voltage could be measured from anode to cathode 

of V2. 

(ft) The receiver worked satisfactorily on medium waves 

but was weak on long waves? ( C . & G. t 1, 193(h) 

26. How would you test three of the following components 
used in the receiver shown — 

(a) Choke CK1. 

(ft) Coil L2. 
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(c) Condenser C2. 

( d ) Transformer Tl. 

(c) Condenser C9 (electrolytic)? (C. G 1, 1939.) 

27. A receiver of the type shown is found to operate satis- 
factorily on gramophone but receives only the local station on 
medium waves. No reception at all is obtained on the long 
wave. A universal meter measuring volts, current, and re- 
sistance, is available. Detail the tests you would make in their 
correct sequence in order to locate the trouble. 

(C. c So G., 1, 1939.) 

28. Calculate the wavelength in metres of the following 
frequencies — 

(a) 125 kc./s. 

(b) 15 Mc./s. 

What would be the third harmonic of a signal operating on 
1 000 metres? (Velocity of propagation = 300 000 000 metres 
per second.) (C. (Sc G ., 2, 1939.) 

29. Draw the essentials of a mains operated low-frequency 
amplifier, including tone controls for bass and treble. Describe 
how each type of control operates on a signal. 

(C. (Sc G., 2, 1939.) 

30. Many modern receivers are fitted with tuning indicators 

which enable the user to tune the receiver to resonance easily. 
Describe one of these indicators and show how it would be 
connected in a receiver. Can a tuning indicator be connected 
to a receiver which does not employ automatic volume control ? 
Give reasons. (C. (So G ., 2, 1939.) 

31. An indirectly heated pentode is used in the output 
stage of a mains receiver. If the anode current of the valve 
under normal operating conditions is 30 mA. , how is the correct 
bias of 17*5 volts developed across a 500-ohm resistance con- 
nected between cathode and h.t. negative? 

(C. & G., 2, 1939.) 

32. Give a brief description of one of the following test 
instruments, and describe the uses to which it might be put in 
radio servicing — 

(a) All-wave oscillator. ( b ) Cathode-ray oscillograph. 

(c) Valve voltmeter. ( d ) Audio-frequency oscillator. 

(C. (Sc G., 2, 1939.) 

33. Describe how you would carry out one of the following 
installations. How would you overcome the difficulties that 
would arise — 

(a) Car radio in a saloon car, where the body and roof 

are all metal and coil ignition is employed. 
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( b ) Speech amplification in a large hall where the speeches 
are delivered from a platform at one end, the audience being 
divided between the ground floor and a balcony. 

(c) A sensitive all-wave mains receiver has to be installed 

in a third floor flat of a ferro-concrete building near the 
centre of a busy town. T^iere are six floors to the building, 
which is fitted with electric lifts. What precautions would 
you take to reduce electrical interference to v an absolute 
min mum? (C. G ., 2, 1939.) 

34. Describe briefly the functions of each valve in the 

receiver whose diagram is given in Fig. 18. At the same time 
suggest suitable valve types. (C. & G ., 2, 1939.) 

35. Which trimmer condensers yiM affect the overall 
performance of the receiver on the medium wave band ? What 
is the function of each of these trimmers? 

(C. & G., 2, 1939.) 

36. Give a list of components on the attached circuit which 
go to make up the automatic volume control circuits. Has 
this receiver amplified, delayed, or full automatic volume 
control? Explain the action of this form of control. 

(C G ., 2, 1939.) 

37. Describe tests which would check whether — 

(а) The low-frequency section of the receiver was in order. 

(б) The oscillator was functioning correctly. 

(c) Automatic volume control was operating satisfactorily. 

(C. & G.j 2, 1939.) 

38. How is the required grid bias developed and fed to V5 on 
the attached circuit? If the total h.t. current taken by all 
the valves is 70 mA., what is the bias voltage applied to V5? 

( C . & G., 2, 1939.) 

39. Describe briefly the functions of three of the following 
pairs of components as used in the attached circuit — 

(a) C5 and C23. 

(b) C6 and C13. 

(c) 112 and C2. 

{d) C18 and Cl 6. 

(e) TC8 and TC11. 

(/) TC5 and TCI. (C. & G. t 2, 1939.) 

40. A battery of 150 volts is connected across a resistance 

network of such a value that the current flow is 5 mA. Calcu- 
late (a) the value of the resistance network; (6) the watts 
dissipated by this resistance. (C. & G\, 1, 1940.) 

41. Three resistances connected in parallel have an effective 
value of 25 000 ohms. Two of these resistances have values of 
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between cathode and H.T. negative has a value of 200 ohms? 
Give the wattage of the bias resistor. (G. G., 2, 1941.) 

The following six questions refer to a radio receiver the 
circuit of which is given in Fig. 20. 

89. The receiver shown has an intermediate frequency of 
465 kc/s. Assume that a signal of 1 000 kc/s is being received 
and describe in detail the passage of this signal through the 
receiver. (The receiver is connected to a.c. mains.) 

(G. <fcG., 2, 1941.) 

90. The receiver (for the purpose of this question) is con- 
nected to d.c. mains. What do you consider is likely to be 
wrong in the three following cases — 

(а) Valves, visual tuner and pilot lamps do not light. 

(б) Valves, visual tuner and pilot lamps light, but screen 

of visual tuner does not fluoresce, and no signals are heard 

at all. 

(c) When receiver is switched “on” the fuse FI blows. 

(G. G., 2, 1941.) 

91. How many valves in this receiver are controlled by 
A.V.C. ? Give a list of the components which go to make up the 
A.V.C. circuit. Is the visual tuner controlled by the same 
circuit ? How does this type of indicator operate? 

( G . & G., 2, 1941.) 

92. Explain briefly the functions of the following compo- 
nents: (a) R21 ; (6) CK3, C36; (c) R24 ; (d)C16; (e) C23. 

(G. <fc G., 2, 1941.) 

93. Describe the effect each of the following breakdowns 
would have on the operation of the receiver : (a) C6 shorting ; 
(b) C33 shorting; (c) R20 open circuit; (d) R5 open circuit. 

(G. cfc G., 2, 1941.) 

94. Give a full description of the correct method of re- 

aligning all the tuned circuits of this receiver. What test 
instruments are required for this operation, and where should 
they be connected? * (G. & G., 2, 1941.) 



ANSWERS TO QUESTIONS 


EXAMPLES I 


8. 5*09 kW. 5. About 3/*/iF. 7. 3 180/i/jF. 8. Energy stored in 

, i at T/i . 2 x 1 000* . . 

condenser = iCF 1 =* — — r— joules 

* 2 X 10* J 

= 1 joule. Ana. 

Condensers in parallel share the original charge 

CV-iC+'CM 




2 X 1 000 
2 + 3 


= 400 volts. An*. 


5 X 400* 

Total energy after connection = — — joules 


= 0-4 joules. Ana. 

The difference in energy is due to that dissipated in the spark on 
connecting the second condenser. 

9. 59 fifiF ; 3-33 kV. per cm. 

10. (o) C - kA/ind oc 1/d 

If d is doubled, C is halved. Ana. 


(b) I = FcoC. This remains the same, since V is doubled and 
C is halved. Hence the volt-amperes are doubled. Ana. 

(c) Since the spacing is doubled, the volume of dielectric iB 

doubled and the volt-amperes per unit volume remain the same. Ana. 
11. 2-25. 12. 3-56. 13. 3* 12. 14. 0 0005 joulos; 0 005 joules. 

15. 0*18 fiF. 17. 8. 18. o> 2 C 2 Rr ~ 1; 79*6 kc./s. 


EXAMPLES 2 

1. 0*353 mH. 2. 853 p H. 3. (a) 4 712; (6) 1 047 ohms. 4. 1*67 mH. 
5. 2:1. 6. 21*2 milliseconds. 7. 1-13 mH. 8. 1*24 milliseconds. 
9. 6*2 ohms; 0*62. 10. 0 216 A.; 169 A/s. 11. 0*002 sec. 

EXAMPLES 3 

1. 252. 2. V 0 = 500; V L = 400; V = 100. 3. 0*8 juF ; 2*16 
ohms. 5. 0*14 A.; 88° lagging. 0. 12*57 kV. 7. 33*53 raA. ; 
P 0 *■* 5*34; P E = 0*335; V L =* 105*4. 

8. When X - 1 000 m.,/ = — ll£! = 3 x 10* 

.*. CO * 8* X 10*. 

(oL ** — — s —IP _ « 353*08 

<oC 07T X 10* x 0*0015 0-009* 
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351-94 


When X = 1 005 m., coL - - 5 ~— 

1-006 

-L = 363-68 x 1-006 = 366-46 

coC 

X = 355-46 - 351-94 = 3-51 
z = -v/(-R’ + 3-ei s ) = 2 r 
+ 3-51* = 4JJ a 

R = V(3-51*/3) = 3-51/v'3 
= 2-03 ohms. Ana. 

9. 10-61 kV. ; 17-68 kV. 10 . 0-305 A. 11 . (a) 58-5 V. ; (6) 8-92 V- 
1 10 * * 
12 - “77 = = 795-8 

coC 100re x 4 


, (oL = IOOti X (10/3) 
- 1047-2 


L = (10 X 5)/(10 + 5) = 10/3 H. 

X = 1047-2 - 795-8 = 251-4 
Z = V(400> + 251-4*) = 472-4 
100 

1 - 472-4 " 0 212 A ‘ ^ 

13 . 0*672 A. 14 . 248 ohms. 15 . 13*78 mA. 17 . R - 52 ohms; 
L = 6 mH. 18.445; 438; 452 kc. 19 . 0*317 H; 632 ohms. 

20. 53*2 V.; 84*7 V. ; 1*59. 21 . 55*1 ^H. 22 . 70*7 V. 

EXAMPLES 4 

1. [Ri-w'LCR' + j o){CR c R l + L)]/[l - (o'LC + ja>C(/? c + R x )] 

2. 1 = - 1 -- 4- - — := 0*0125130° 4. 2 . 4 .— 70 [. 

z 80 1 30° 24 4- 70 j 1 — ^ 24* 4- 70* 

24 - 70 j 


0*0125 cos 30° 4- 0*0125j sin 30° + 


5 476 


= 0-010825 4- 0*00625j + 0*004382 - 0*01278j 
« 0-01521 - 0 -00653 j 

1 0-01521 4- 0-00653 

*’* Z ~ 0-01521 - 0-00653] ~ 0-01521* 4- 0-00653* 

= 55-48 4- 23-84j. Ana. 

The modulus is\/(65-48* 4- 23-84*) = 60-38 ohms. Ana . 

3 . [(C 4- K)/C]*R. 4 . 0-8 volt. 5. 1-59 A., leading 3° 26'. 

8 . - 0-16 H, (the coil is condensive) ; 0-5 megohm. 

7, Let r and l be the required resistance and inductance respec- 
tively. 

1 j coir __ jc olrjr - j (ol) 

1 fr 4 - 1 /jcoL 38 r 4 - jcol r* 4 - co*J* 

— (jcoJr* 4 - co*i*r)/(r* 4- c 0 H 2 ) ■» R 4- jct)Zr 
R « a>*ZV/(r* 4- co*/*) L = lr'/{r * 4 - a>V) 

RfL « coH/r . . / - Rrlco'L 


Then Z ■ 
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Solving these equations gives r = R + 0 ) % L % fR 

l~L + R'/co'L. An*. 

8. 318; (o)5-37 x 10 4 ; (6) 10* ohms. 

9. 0-212 mA.; 0-377 mA. ; 0165 mA. 

10 . 176-3 ohms.; 6-635 mil. ; 00085. 

11 . 56-9 ohms. 12 . 0-922 A. 

13. 63-5 mA. lagging 86° 22' ; 4-09 mA. lagging 8° 5'. 

15 . 70*7; 92-8 ohms respectively. 16. 0-142 A. 17. 961V. 
18 . 33-3 mA. lagging 90°. 19. 200 V. ; 4 A. ; 3 A. 

EXAMPLES 6 


1. 145-3 kc.; 1 A. 2. 492-6 /iH. ; 321-4 ^F. 

^3. 0-721 kW.; 10-13 /uF. in series; 2-5 kW. 

4 . 1 333 metres; 696 metres. 5. 97-44 kc. s. 6. 50 ohms. 
. 106-1 ko./s. 

Q 7 J I D ^ 

1 l(R + jcoL) -f iioG ^ 1 ' 1 -ai'LC + j toCR 

-h R + j wL 


\(R + j«>L) 


j*c oCR 

R + d^ + ) 


+ R + j coL = 


- -T7, + R + i ,uL 


•(' 


a)L 


.±) 

we/ 


wL 
ayCR coC 

■ s+ ai 


Hence, resistance is R -f LJCR ; reactance is zero. Ans. 

9. 1-25 ohms; 8-94 mA 10. 34. 11. A, = 1 334 m. ; A 2 = 436 m. 
12 . 0-507 jiH. 13. 3-33 /ib\ ; 3-04 H. ; 637 ohms. 14. 103-326 rn. 
15. 0-5; 9-19 m/*F. 

EXAMPLES 6 


1. 538 kc./ s.; 297-6 volts. 2. 1mA.; 0-998 mA.; 60 fxK. 
3 . Now 6 = Rf2jL R = 2/L<5 
Impedance of circuit Z = L/CR 

.*. p.d. across it = LlfCR = F 
Current in condenser — FcoC =* LIoyC/GR =* Llco/R 
= 2: vfUI2JLS = tt//5 
7T X 10 x 100 


1 000 x 2 


= 1-571 A. An*. 


4 . 2619 / 4 //F. 5. 6670; 1960; 1870 ohms respectively. 

6. 10*. 7. 993 /4/iF.; 1013 ^F. 

EXAMPLES 7 

8. 36 760. 10. 45-4 ohms. 11. 127 jmH. ; 8-04 ohms; 0-0101. 

EXAMPLES 8 

1. 4-33 A. 2. 2-91 %. 3. 4-94 %. 5. 63-66 /*H. 6. 0-028 volt.* 

7 Now/- 1 * * 4 _ 109 „ 1()g 

J 2ny/{LO) 27tVd 700 X -001) 2ttV1*7 

- 122-1 kc/s. 



PROBLEMS IN RADIO ENGINEERING 


145 


V(17 x 17) 
V(1 4Jk)= VM176 

V(1 - k) — VO-8824 
122-1 
“ 1057 

2 22 1 

/a ~ 0-9393 


= 1-057 
= 0-9393 

= 1 15-5 kc./s. 

= 130 kc./s. An#. 


9. (a) 450 fiH. ; ( b ) 250 ,nH. ; (c) 90 /iH. ; ( d ) 50 /iH. 
10. Now e — coMI — 2n X 10* x 10” e x 10* 

= 207T 


11 . 


z =* VHO + 16tc 2 ) since X = 2tt X 10* x 20 x 10 ”■ 
= 471 

= 4V10-87 

' ■ ."Twin ' * 765 *■ /l ”' 


13. Primary 7-94 A.; secondary, 3-67 A. 

14. 0-88 mA. 15. 12 /nil. 

16. 159-2 kc. ; primary, 9-9 mA. ; secondary, 0-99 mA. 

17. 848. 18. 0 158 A. 19. 80 kc. ; 5 mA.; 0125 mA. 

21. 122-5 ohms. 22. 0-03; 10-7 kc./s.; 15-1 kc./s. 23. 1820 ohms. 
24. 0-25 A. 25. 10-35 mA. 


EXAMPLES 9 

3. 43. 4. 41. 

5. 6 - re RV(C/L) = 7C X 15 V(’01/l 000) = 15 tt/100V10 

= 0-15 


N = 1 + "GTS = 1 + 30 ‘ 7 


t - 27 zV(LC) - 2::^ 


000 x -oi 


7 1 = 


31-7 X 2 
10 * 


10 8 x io« 

= 0-634 millisecond. 


- 31 7 


2 

To* 


A ns. 


6. 93. 7. (i) 0 0147; (ii) 0-369 millisecond ; 314; (iii) 1 067 ohms, 
9. 20 ohms. 

EXAMPLES 10 
9. 0-0133 H. 11. 10 kW. 

12 Now \CV* = JL7* 

/. PL =* V*C 

<“■/»>? 

= 2x 10V2-5 = 3 162 A. A ns. 
/=I/2tcV(LC) = 1/27tV(10“ # X 0-025 X 10” 8 ) = 10 8 cycles. Ana 
14. 4-4 mH. 
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EXAMPLES 11 

4. (a) 20; (6) 10. 

EXAMPLES 12 

1. - • r«*(l - cos 2 pt) 4- 6*(1 - cos 2 qt)] 

4* [2 ab {cos ( p - q)t - cos ( p + q)t }] 

5. Let the equation of the rectifier characteristic be 

i = a -f bv -f cv* -f dv* 

Then di/dv =* b + 2cv + 3 ^ 1 ?* 
dHfdv 1 = 2c -f 6dv 

Hence rectified current is E*(c 4* 3 dv) where v is the no-signal grid 
voltage. An*. 

EXAMPLES 13 

8 . Since the valve amplification facW is 7, a change of V volts on 
the anode is equivalent to a change of F/7 volts on the grid for a 
given anode current. 

Hence at the anode potential of 150 volts, the anode current will 
be 1*0 mA. at a grid potential of (50 - 150)/7 = - 14-3 volts. 
Similarly for each other anode current, giving the curve — 


Anode current, mA. . 

10 

3 5 

6 5 

9 3 

| 101 

Grid potential, volts . 

-14-3 

-71 

0 

71 

14*3 An$. 


9. At zero grid voltage, the anode current changes 5 mA. for 
30 V. change on the anode. 

Hence internal impedance = ^ = 6 000 ohms. An*. 

The anode current is 10 mA. when V a — 0, V a — 100, and also 
when V g = -5, V a = 130. 

Hence amplification factor — 30/5 = 6. A ns. 

For a constant anode potential of 100 volts, the anode current 
changes 2 mA. for a change of 2 volts on the grid. 

Hence mutual conductance = 2/2 = 1 mA. per volt. An *. 

12. 10-7 21. 5-3; 4-3; 3*2 mA. 23. 15 000; 13 000 ohms 

respectively. 25. 15 700 ohms; 5*96; 0*38 mA/V. 26. 6*15 mA/V. 
27. (a) 0-39; 0-64; 0*91 ; M8; 1-48 ; (6) 015; 0*23 ; 0*3; 0-39; 
0-45 mA. 28. 1*5 mA./V. 29. 18 3 V. 


r, 

R 

l/c oO 


EXAMPLES 14 

■ y . V = 0-9P 

\/R* 4- X' 

0-9V(^* 4- X*) i.e. I? 1 « 0-81R* 4- 0-8IX* 
X * i?V(019/0-81) 


8 . 
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c _ 10 1 * /O' 81 

2tt X 10® X 0-1 X 10® V 0-19 m * 

= 32*86 fijuF. Ana. 

ft. cE*R/[l -J- 2 cR(e g + v)] where i = c(e & -f v)* represents the 
equation of the curve and t g is the pre -signal grid voltage. 

10. 1*72 mA. 

12. Let the characteristic be represented by 
i = a(6 4- v) a 
Then 8 == ab 1 
also 2 = a(6 - 5)* 
by division, 4 = [6/(6 - 5)] a 

'l - 5/6 = ± 1/2 and 6 = 10/3 or 10 
The value 6 — 10/3 is inadmissible. 
a — 8/100 = 0-08 

Now di/dv = 2a(6 *f v) and dH/dv 2 = 2a =* 0*16 
1 -52 

Rectified current I = - - x 0*16 

= 018 mA. An#. 

14. 0-4 mA. 


EXAMPLES 15 

'l. (a) 0-95; (6) 2380; (c) 0-42 MO. 2. 0*85 volt. 3. 2-25. 

22 

4. (1) Amplification = fj. . — - — 

T P 

25 X 30 p00 fOR . 

30000 + 30000 1 ' AnS ' 

(2) Amplification = (i . YT^~pcR 

25 X 5 X 10" 8 

“ 5 x 10“ 3 + 3 X IO 4 X *001 X 10-« X 25 
= 21*74. Ana. 


6. (a) X = coL = 2tc X 100 X 10 = 2 000 71 

7 X 3 X 2 OOOtt 

*** m ~ V(49 X 10® + 4tt 2 X 10 6 ) 

= 42tt/V88*48 = 14. Ana. 

(6) X « coL =* 27t X 400 X 10 = 8 000tc 
7 x 3 x 8 000tc 

m = V(64 X 10 # it* + 49 x 10») 
.. 168 k/V680-7 = 20-2. Ant, 
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8. 10 volte. 10. 45-8. 18. 6-75. 14. 1 266/^F.; 13-45; 0-447. 
15. 26-6 decibels. 16. 10-l/'l7. 34-14; 74-47; 138-2; 140. 

18. 22-36. 20. 12-5. 21. 14-87. 22. 5 000 ohms. 

24. (a) 113 db. (6) 70 db. 

**•«•> ” - r +fsm - ro - 13 38 -*“• 

(6) a) = 9 x 10VK> a>L = 900V10 1/coC = (1000v'10)/0-9 
1 _ 200 - 900/ V 10 0-9j 

Z ~ 4 x 10* + 81 x HI 5 + 1000-y/lO 

+owlo ] 

= 0-6142 - 1-625/ 


m 


/fj 

i + (pm 


2a 

1-614 - 1-625 j 


8-73 


Ana. 


31. 8-5; 20 000 ohms. 34. 27-7 V. 36. 9-68. 37. 14-87. 

38. 8-14 A; 0-8 neper. 

39. The actual circuit is equivalent to one in which tho secondary 
resistance R is replaced by a resistance R/T % in parallel with the 
primary inductance L , where *T is the transformation ratio. This 
parallel circuit therefore forms the load impedance of the valve. 

Then m = ftZTK p + Z) — ^T/( 1 -f- p/Z) 


fiT 


1 + P [T*/R + 1 IjtoL] 
40 X 3 
9 


1 +- 3 X 10 4 
120 

1-54 - (500j/7rf) 

120 


+ 


5 X 10 ‘ 1 2 nf X 


-L_l 

X 30 j J 


If / = 100, m = 


1-54 -(5 j/rr) 

120 

1-54 - 1-592; 

120 


V(l-54* + 1-592*) 
If/= 10 000, m = 120/(1.54- -0159;) =£ 
- 77-93 Ana. 


= 54-18 Ana. 

120 

: 1-54 


40. (a) 2-3 mA. ; 1*38 V. ; (6) 0-408 raA. ; 0-245 V. ; 0-707; 1-414. 

41. 0-913 A. 42. The latter, which gives 14-3 compared with 13-3. 
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43. 4-43. 44. 22 1. 45. 0 87 W. 46. 1-97 raA./V. 47. 190 ; 33000 
ohms; 5*8 mA ./V.; 3-3 W. ; 0 67%. 48. (a) 20-3 ; (6)5*0. 50. 18*3. 
51. (a) 5*32; (6) 4*67. 52. 79*3 db. 53. 7. 54. 126*7 uuF.; 25*9; 
21*4. 

EXAMPLES 16 


7. 10 kW. 11. 0*18 mH. 17. Now <5 = nRV(C/L) 

I /Cl 

.*. Fractional amplitude = . RJ - . — - 

1 K // 4 X 10 3 \ 1 

2 x VC 10® ) ' 4 - 1 

5x2 1 . 

” 2 x 10 3 X 3 “ 600 

18. 40*6%; 6*32 kW. 

23. Now alteration in resistance gM/C 
But [i — gp 

Alteration in resistance = fiMJ pC 

10 x 2 x 

~ 5 X 10* X 10* X 3 ¥ 

= 13.\ ohms. A ns. 

25. 123 /tH. ; 822 fi/iF. 26. 5 mH. ; 0*006 //F. 27. (1)M = 30 ptH. 
(2) M = 32*7 /iH. 28. 0*402 of coil from cathode end. 29. 84*1 H. 
30. 2*5 fiR . ; 822 kc./s. 


8. 1*6 to 1. 

9. 


Now i = — 


EXAMPLES 19 

dH 
dv * 


— E 2 /2{\ -f m cos nt )* cos*a>t X 2c 
= E x c( 1 -f m* cos*nt -f 2m cos nt)(cos*a>t) 
* E*c[l + (m a /2) (1 + cos 2nt) 

4- 2m cos nt] [( 1 -f cos 2a>t)/2] 

Audio output = (cE x /2) [(m*/ 2) cos 2nt -|- 2m cos nt] 

= ci£ a [(m a /4) cos 2nt -f m cos nt] v4ns. 


10 . 


Now V = 


txoLV g 


p a V[l+co a L*(l/ Pl +l/p t )*] 

10 X 2tt x 10 3 X 10 x 3 


10 ‘Vt 1 + 4,t ’ x 10 ‘ * 10 ‘ (sTIo 

60 k 


10‘ + 1 X 10* 


)■] 


V(1 + 4tt* X 1-44) 


24-78. Ant. 



150 


PROBLBM8 IN RADIO ENGINEERING 


13* 44 000 ohms. 19. 77-5%. 21. 100 B; 15 kW. 23. 0-88 mA., 
r.m.s. 25. 14*4 kW. 28. Power in both side bands — 01 8 power in 
carrier. 29. 71-3%. 30. 64*8%. 31. 6-25%. 

EXAMPLES 20 

14. 8-94 kV. 

EXAMPLES 22 

8. 4*71 volts. 

EXAMPLES 23 

2. 4*115 decibels. 

EXAMPLES 24 

2. Now F = 300V W/d 

300V 100 1A 4 

= — — — — — — volts per metre 

100 X 1 000 ^ 

= (3/100) X 10« /xV. /metre 
— 3 X 10 4 /xV. /metre. Arts. 

3. 0*00076. 

4. 1/3 x 10” 5 lines per cm*. 


EXAMPLES 25 

3. 2*85 kW. 6. Efficiency is increased to 3-3 times. 

8. 57 kW.; 25*1%. 9. lOOohms. 

10. 74 jxH. ; 950/x/xF.; 500 m.; 0-396 kW. 

11. (i) Radiation resistance r = 1*76 x 10 ~ 8 A*/* 

= (1-76/10 8 ) (200 X *3048 X 480) 
= 15*07 ohms. A ns. 


(«) 

Power radiated 

= I*r 

= 50* X 15-07 watts 
= 37-68 kW. Ans. 

(iii) 

Efficiency 

= (15*07/50) X 100% 


= 30*14%. Ana. 

13. 50 kW.; 174 kV. 14. 0*158 ohm. 15. 13-9%. 10. 33%. 


EXAMPLES 26 

1. 29°. 4. 23°. 5. 15° 18'. 0. 4*5 db. ; 3 db. 7. If the comparison 
field = F., that due to the combination is (1) 2 F. ; (2) 0; (3) 
1*950 F. 8. (o) 0*707; (6) 0*209. 10. 6db. 


EXAMPLES 27 


l. 96*5 mV. 
3. Now A = 

L - 


2*. (1) 80 mV.; (2) 

1 885 y/(LC) 300 = 
/ 300 \* 10 # 


\ 1885 


.y«. 


250 


2*51 mV. 

= 1 885 V(^ X 250 x 
101*4 /xH. 


10 -*) 
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Inductance of loading coil = 81*4 piK. 

Reactance of loading coil = x 10 6 x 81-4 x 10 “• 

— 511-6 ohms 

If h is the effective height in metres 

Then e.m.f. = 5A mV. 

current = 5 A/2 5 = A/5 mA. 

P.D. across coil = (A/5) X 511-6 = 1 000 

A. == 1000/102-32 — 9-77 metres. Ans. 
5 . 31-07 volts. 6. 21-76 mA. 7. 19-6 V. 


EXAMPLES 28 


1. 1-32 /uA. 3. 0-959 volts. 

4 . Now E = (2t zFAN/X) cos 0 

2tt X 3 X 10 4 X 10 X 0-7071 lA 
= volts. 


6. Now 


Again 


= 1-33 piV. Ans. 
= 1/2 tt V(LC) 


„ 2nFAN , 

E = ^ — cos 0 — 


L = 1/4t r*/*C 

10 1 * 

~ 4tc* x 10 10 X 10 8 


henries 


= 100/4tt* = 2-53 mH. Ans. 


e cos 0 


Then 

(i) 


.(ii) 

Now 


7 = 4 cos 0 and ~ cos 0 

Z c ZodC 

Z = R ; 0 = 45° Cj = 1 000 u/i F. 

• W — e 
•' c coRC lX / 2 

cos 0=1 C % — 990 fijuF. 


coL 


1 

wC 1 

1 

coOj 


10 1 * 

2tt X 10 6 x 10 s 


1591-5 


10 1 * 

2 71 X 10 * X 990 "" 
.*. X = 


1607-5 

16 


. + ™ % ) 
R . 


E ° 0}C t y/{R % + 16*) 
C lX /2 1 000 V 2 

" O, 990 

• R 16 

“ v 1 ^ 406 


e 

< oRC x y/2 


15-6 ohms. An*. 
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7. 0-316 volts. 10. 0-257 V. ; 0-272 mA. 11. 2 09 mV. 
12. 7-07 mA. 13. 0-227 mV. 14. 197-3 /*V. 15. 87-6 juV. 
16. 2-96 mV. 17. 0-048 V./m. 18. 0-568 V. 


EXAMPLES 29 

1. 377 metres; 1 000 /*H. 2, 443/i/iF. ; 28-6 ^H. 3. 2-08 mH. 

4. 1-523 mH. ; shunt capacitance of 0-0102 //F. 5. 314 ^H. ; 

49*2 


EXAMPLES 30 


1 11° 28'. 


1. 7-6 lb. 


3. Windload = 


EXAMPLES 31 
30 x 1 X 1 200 


3 000 lb. 


Safe tension T = V(22 400* - 3 000*) = 22 198 lb. 

Now w = 2 + %■ = 3-5 lb./ft. 

6 


Sag = wl 2 /ST = 


3-5 x 1 200 X 1 200 


° 8X22 198 

= 28-4 feet. A ns. 

4. 250. 6. 25-2 ft. 7. 1 265 1b. 8. 44 1b.; 7-36 in. ; 8-36 in. 

9. 15 590 lb. -ft. 


EXAMPLES 35 

6. Now U = vjoj 

= KPEfAco, since E = Av/ 10* 

= 10 8 a )LI/Aa) since E — a) LI 

a ,. 4 ^ 10 8 X 0-2 X 10 X 1-414 0-2828 x 10 # 

AmpUtude - foOOA = A 

Now A — Bl — 5 000 X 3 X 10 4 

0-2828 X 10® 0-2828 

U ~ 5 X 10* X 3 X 10 4 “ 150 Cm ‘ 

0*2828 

*= — . - — mm. = 0-0189 mm. An*. 

15 

12, Telephone receiver current would be 2-97 times speaker current 
13. 100 ohms; 0-16 H. 15. 989 c/s. 16. A = 6-37 x 10® dynes / 
amp.; r = 253 dynes/cm. /sec. ; m — 1*06 gm. ; 8 — 41-7 X 10 a 

dynes/cm. 

EXAMPLES 36 

6. y/(R -f ja)L)(jcoC) ; 1 /tt y/(LC). 

7. Shunt resistance, 421 ohms; each series resistance, 313 ohms. 

8. 6-91 nepers. 
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0. Each series element — 31-8mH. 

Shunt element = 0-177//F. 

10 . Series, 294 ohms ; shunt, 12 ohms. 

11 . Each series element of a T-section, 0*0133 /i F ; shunt element, 
2*39 mH, 

12 . 95*5 mH.; 0-265 /iF. 

13 . Z K = + ziz*. 

14 . (a) Each series element, 95*5 mH. 

Shunt element, 0-53 /iF. 

(6) Series element, 191 mH. 

Each shunt eluent, 0-265 /i F. 

15 . (a) Each series inductance, 120 mH. 

Shunt capacitance, 0-667 /iF. 

(b) Series inductance, 240 mH. 

Each shunt capacitance, 0-333 /iF. 

J6. (a) Inductance of each senes arm, 72 mH. 

Inductance in shunt arm, 64 mH. 

Capacitance in shunt arm, 0*4 /iF. 

(6) Inductance in series arm, 144 mH. 

Capacitance in senes arm, 0-178 /iF. 

Capacitance of each shunt arm, 0-2 /iF. 

17 . 


192 mH 792 mH 



72mH 72 mH 

240mH rWS 


-M 



0-355 J 

053pf 

t 0-355 

l* F 

f 


(b) 


18 . (a) Each series element, 0-133 fx F. 

Shunt element, 23-9 mH. 

(6) Senes element, 0-0663 /tF. 

Each shunt element, 47-7 mH. 

19 . (a) Each series capacitance, 0-333/iF. 

Shunt inductance, 60 mH. 

(b) Series capacitance, 0-167 /iF. 

Each shunt inductance, 120 mH. 

20 . (a) Capacitance of each series arm, 0-556 /iF. 

Capacitance in shunt arm, 0-625 /iF. 
Inductance in shunt arm, 100 mH. 

(6) Inductance in series arm, 225 mH. 
Capacitance in series arm, 0*278 /iF. 
Inductance of each shunt arm, 200 mH. 


6HT.35) 
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21 . 



22. (a) Each series inductance, 31*8 mHjfc 

Each series capacitance, 53-9 fifiYw 
Shunt inductance, 9*7 fill. 

Shunt capacitance, 01 77 /uF. 

(6) Series inductance, 63*7 mH. 

Series capacitance, 21jufiF. 

Each shunt inductance, 19-4 fiH. 

Each shunt capacitance, 0 088 fiF. 

23. (a) Each inductance in series arm, 35*4 mH. 

Each capacitance in series arm, 0-4 fi¥. 

Inductance in shunt arm, 49-7 mH. 

Capacitance in shunt arm, O-283/xF. 

(6) Inductance in series arm, 70-7 mH. 

Capacitance in series arm, 0-2 /*F. 

Each inductance in shunt arms, 99-5 mH. 

Each capacitance in shunt arms, 0*141 fi F. 

24. 712 c/s. 25. 14 db. 26. 12 db. 27. 19*1 db. ; 135 ohms. 

28. Series resistance, 2970 ohms; each shunt resistance, 733 ohms. 

29. Series elements, 245 ohms; shunt element, 121 ohms. 

30. Shunt resistance, 242 ohms ; each series resistance, 982 ohms. 

EXAMPLES 37 

1. 424-6 A. 

EXAMPLES 38 

1. Now 10 log (WJW X ) - 16 - 20 log ( VJV X ) 

log VJV X - 0*8 

VJV X = 6-31. An 8. 

2. 633 ohms ; 4 decibels. 4. 1 092 ohms at co = 5 000. 

5. 648 ohms. 

8. Two quarter- wave lines, one having d = 0*05 in.> 5 = 18 in. 
in series with the antenna; the other, d — 0*5 in., s = 5 in. 

10. 600ohm8; S(r = 18. 11. A transformer of turns ratio 1*47. 
12. 600 ohms; parallel-wire line with Sjr = 34*4. 13. 83*1 ohms. 
14. 100 /30® ohms. 15. 72*4 ohms. 

EXAMPLES 39 

3. 102 /*H. ; 108 f/H. 4. 6-3 /iH. 5. 7 fifiF. 6. 1*3 ^F. 



